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Among natural forces, hydrophobic-lipophilic effect is one of the most 
important and necessary force for the formation of ordered assemblies of 
amphiphilic molecules. Such amphiphilic substances, when present at low 
concentration in a system, has the property of getting adsorbed onto the surface 
or interfaces of the system and are able to modify the interfacial properties of 
the system (aqueous and non-aqueous) in which they are present. Due to this 
property they are called surfactants (a contraction of the terms surface active 
agents). 
Surfactants find applications in almost every chemical industry, 
including detergents, paints, dyestuffs, cosmetics, pharmaceuticals, 
agrochemicals, fibres, and plastics. Moreover, surfactants play a major role in 
the oil industry, for example, in enhanced and tertiary oil recovery. 
A surfactant has two functional parts, namely, a hydrophilic (water 
soluble) or polar part, and a hydrophobic (oil soluble) or nonpolar part. The 
primary classification of surfactants is made on the basis of the charge of the 
polar head group. It is common practice to divide surfactants into the classes 
anionics, cationics, nonionics and zwitterionics. Surfactants belonging to the 
latter class contain both an anionic and a cationic charge under normal 
conditions. One of the most exciting developments in the field of surfactant 
chemistry is the emergence of the Gemini surfactants. The term gemini, coined 
by Menger [1], has become accepted in the surfactant literature for describing 
dimeric surfactants, that is, surfactant molecules that have two hydrophilic 
(chiefly ionic) groups and tails per surfactant molecule. These twin parts of the 
surfactants are linked by a spacer group of varying length (most commonly a 
methylene or an oxyethylene). 
Various organized structures are formed when amphiphilic molecules 
are dissolved in water depending upon the nature and concentration of 
surfactant molecules and the experimental conditions. The abrupt change in 
many physicochemical properties, seen in aqueous solutions of amphiphilic 
molecules or surfactants with long hydrophobic chains when a specific 
concentration is exceeded, is attributed to the formation of oriented colloidal 
aggregates. The narrow concentration range over which these changes occur 
has been called the critical micelle concentration (cmc) and the molecular 
aggregates that form above the cmc are known as micelles. The force that 
drives this aggregation is entropic in origin and facilitates the release of 
'structured' water molecules. 
The cmc depends upon the nature of the polar group, the surfactant 
counterion, the length and the structure of the hydrophobic chain, presence of 
additives, solvent polarity and type, temperature, pressure, and pH. 
At low surfactant concentrations, the micelles are usually spherical and 
the radius of the micelle is nearly equal to the length of the surfactant molecule. 
Upon increasing the surfactant concentration, spherical micelles become 
cylindrical and subsequently the cylindrical structures become hexagonaliy 
packed. If concentration is further mcreased, lamellar structures are formed. It 
is possible to induce a transition from one structure to another by changing the 
physicochemical conditions such as temperature, pH, addition of salts, etc. 
A simple model for surfactant aggregation in which the optimal 
aggregate size and shape are determined essentially from the packing ratio, Rp, 
are effective for predicting the micellar structure [2]. This parameter relates the 
partial molecular volume of surfactant, v^ , the head group area of surfactant 
molecule, ag, and the maximum chain length, 4 : 
Rp = Va /aJLc 
The theory predicts the formation of different types of micelles on the basis of 
the value of the parameter Rp. 
Aqueous solutions of nonionic surfactants often exhibit a critical 
phenomenon of demixing. When the isotropic micellar phase is heated, a 
critical temperature, known as cloud point (CP), is reached at which solution 
becomes suddenly turbid. The CP depends on surfactant concentration. Its 
minimum value corresponds to the lower consolution point. After sometime, 
turbid solutions clear up and are fiilly separated into two isofropic liquids, one 
of which contains most of the surfactant. The phenomenon is reversible and has 
been observed with various nonionic surfactants. 
The mechanism of CP is still not very clear. The models that have been 
developed for the clouding phenomenon explain the mechanism by invoking 
critical concentration fluctuation [3], micellar growth [4], or micellar branching 
[5]. The studies so far show that removal of interfacial water from the surface 
is the key requirement for the clouding phenomenon in surfactant solutions. As 
the temperature increases, micellar growth and increased intermicellar 
attraction causes the formation of particles, e.g., rod-like micelles, which are so 
large that the solution becomes visibly turbid [6]. However, Corti et al. [7] 
explained the behavior as critical fluctuation. The interpretation is that as the 
CP is approached the micelles come together, and above the CP they separate 
out as second phase. This phase separation occurs within a narrow temperature 
range. This phenomenon is attributed to sudden dehydration of 
polyoxyethylene (POE) chain at CP. This dehydration has been suggested to be 
induced by the conformational change of the POE chain associated with 
temperature rise [8, 9]. 
The clouding behavior of nonionic surfactants is strongly affected by the 
presence of various additives in the solution [10] either by changing the 
structural properties of the micelle by solubilization in the micellar aggregates 
or by dissolving in water phase and thus changing the environment of the 
micelle [11, 12]. The effect of additives on the CP of nonionic surfactant is, 
therefore, of fundamental importance to have an understanding on the nature of 
the cloud point of nonionic surfactants and the effect of additives. The practical 
importance of the cloud point lies in the fact that suspensions, emulsions and 
ointments and foams stabilized with nonionic surfactants become unstable 
when heated in the vicinity of CP. The rate of solubilization by nonionic 
surfactant solutions increases near their cloud points. 
Many pharmacologically active compounds are amphiphilic and 
hence undergo different kinds of association in a surfactant-like manner [13] 
Their surfactant-like behavior is due to the presence of an almost planar 
tricyclic ring system and a short hydrocarbon chain carrying a terminal 
nitrogen atom [14]. Self-association depends on the molecular structure of the 
drug concentration and physicochemical conditions such as temperature, pH, 
ionic strength, and additive concentration [15]. 
However, their amphiphilic character makes them aggregate in aqueous 
solution in a way the surfactants do. This behavior of drugs leads to different 
phases under different conditions. Promethazine hydrochloride (PMT), a 
phenothiazine drug contains a hydrophobic (rigid planar tricyclic) and a 
hydrophilic (tertiary amine) portion and, therefore, its aggregation also follows 
the same principles as surfactants. 
Mouritsen and Jorgensen [16] have shown that drugs inserted into 
membranes accumulate heterogeneously and affect the organization of lipids. 
This accumulation may cause a localized high concentration. As clouding is 
concentration, pH, and temperature dependent, it is essential to have 
knowledge of clouding behavior of drugs. Pure aqueous solutions of PMT do 
not show clouding from concentration level 0.125-200 mM. In 10 mM sodium 
phosphate (SP) buffer, however, clouding occurs without additives. 
In the present study, we have investigated the effect of various additives 
on the CP of nonionic surfactant Triton X-114 (TX-114) and amphiphilic drug 
promethazine hydrochoride (PMT). All the results have been interpreted in 
terms of the hydration effect of the micelles, location of the solubilizates in the 
micellar aggregates, possible changes in the size and shape of the micelles and 
the interactions between the solubilizate and surfactant species within the 
micellar aggregates. 
The thesis is divided into the following four chapters. 
Chapter I is General Introduction wherein a detailed account of the 
behavior of surfactants, various phenomena exhibited by them, and the effect 
of additives are described. 
Chapter II deals with the experimental details. The materials used, their 
purities, make, etc. are also given in a tabular form. 
Chapter III(A) deals with the variation of cloud point of nonionic 
surfactant TX-114 in presence of various organic additives and quaternary 
salts. CP showed a concentration dependent variation in the absence of any 
added compound. Addition of quaternary ammonium (or phosphonium) 
bromides to 0.8 mM TX-114 solutions increased the CP. Long chain alcohols 
and amines decreased the CP of 0.8 mM TX-114 aqueous system while it either 
remained constant or increased in the presence of short chain homologes. 
Aliphatic hydrocarbons first decreased and then increased the CP. Ureas as 
well as thioureas increased the CP. Behavior of amino acids depended upon 
their nature whereas sugars decreased the CP. Surfactants increased the CP of 
TX-l 14 aqueous system. Polymers of PEG and PVP series decreased the CP. 
The CP of 0.8 mM TX-114 + 80 mM TBuAB aqueous system is about 
41° C. The effects of all additives which are taken into account in Chapter 
III(A) have been investigated on this system also (Chapter 111(B)). Mostly, all 
additives show similar trend of CP variation as given in Chapter III(A), 
except anionic surfactants. In absence of TBuAB, CP increases with the 
addition of anionic surfactants. On the other hand, in presence of TBuAB, CP 
decreases with the increase in lower region. The decrease being sharper with 
SDBS. 
Effect of surfactants on the CP of phenothiazine drug PMT, in absence 
and presence of tetrabutylammonium bromide (TBuAB), has been given in 
Chapter IV. First, the effect of various surfactants on the clouding behavior of 
75 mM PMT had been studied, and then the system 75 mM PMT + 50 mM 
TBuAB (CP=38.5 °C) was chosen to investigate the CP variation with all those 
surfactants. The cloud point (CP) decreases with increase in pH due to 
deprotonation of drug molecules. However, at constant pH (6.5, sodium 
phosphate buffer), and depending on their structure and nature, the surfactants 
behave differently. Anionic surfactants show peaked behavior, both in absence 
and presence of TBuAB, whereas cationic (conventional as well as geminis) 
and nonionic surfactants increase the CP, although the mechanism differs. 
Cationic surfactants hinder drug association (due to interaggregate repulsion) 
resulting in an increase in CP, while nonionic surfactants form mixed micelles 
with the drug, increasing micelle hydration and CP. 
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General Introduction 
Introduction 
The term "organized" is applied broadly to any situation where some part of 
the system aggregates or organizes itself in deference to the bulk of the system, which 
could be a molecular liquid or solvent. The degree of organization can vary quite 
markedly from one type of system to another. For the most part, interest will center 
aroimd colloidal systems in water. The interest in this area of research is immediate as 
the organized assemblies may be looked upon as models for various processes in 
biology. The concept in general is to utilize an organized molecular assembly to 
influence and direct a system incorporated in or near the assembly. 
Chemists have long recognized the important role the reaction media play in 
controlling rates, products distribution and stereochemistry. Recently, much effort has 
been directed toward the use of organized media to modify reactivity, as compared to 
that in isotropic liquids. A major goal of such studies is to utilize the order of the 
medium so as to increase the rate and selectivity of the chemical process involved in 
much the same way that enzymes modify the reactivity of the substrates to which they 
are bound. Among the many ordered or constrained systems utilized to organize the 
reactants, the notable ones are micelles, microemulsions, liquid crystals, inclusion 
complexes, monolayers and solid phases such as adsorbed surfaces and crystals. 
Judicious selection of a given organized assembly for a given application requires a 
sufficient understanding and properties of the organized assembly themselves and 
those of the substrate interactions therein. 
Due to their widespread uses in many industrial applications there has been an 
increasing interest in the surfactant organized assemblies both from academic and 
applied point of view. Self-organized assemblies composed of amphiphilic molecules 
have particular features that make them attractive, not only as relates to chemical 
reactivity aspects but also for a large variety of applications. Therefore, a fundamental 
understanding of the physical chemistry of such organized assemblies, their unusual 
properties and phase behavior is essential. 
Life, the most complex form of organic compounds on earth, requires the 
construction of chemical bonds in aqueous environment. In nature, chemical 
conversions take place in a confined environment which may vary from nanometer-
sized and relatively simple systems (such as enzymes) to micrometer-sized and 
extremely complex assemblies (such as cells). Although the construction of cells is 
the ultimate fantasy, more simple systems such as assemblies of amphiphilic 
molecules may akeady solve the problem [1]. 
Amphiphiles are molecules that have both hydrophilic and hydrophobic parts. 
Examples are short chain alcohols, amides, surfactants and drugs. First two types of 
molecules are usually surface active, but do not necessarily lower interfacial tensions 
significantly. Surfactants (or surface active agents) are, as the name implies, 
compounds which when present at low concentrations in a system, have the property 
of getting adsorbed onto the surfaces or interfaces of the system and of altering the 
surface free energy of the system to a marked degree [2]. 
Based on the origin of the surfactants they can be classified as synthetic or 
naturally occurring surfactants. Cholic acid and deoxycholic acid are the most 
important of the naturally occurring surfactants. 
Depending on the nature of the hydrophilic group, synthetic surfactants are 
classified in four types: anionic, cationic, nonionic and zwitterionic surfactants. The 
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most common hydrophobic part of synthetic surfactants are paraffins, olefins, 
alkylbenzenes, alkylphenols and alcohols. 
Anionic surfactants give rise to a negatively charged surfactant ion and a 
positively charged counterion upon dissolution in water. Alkyl sulfates, alkyl 
sulfonates and alkyl carboxylates are the important classes of anionic surfactants. 
Anionic surfactants tend to be good solubilizers and are relatively nontoxic. 
Examples: (i) Sodium dodecylsulfate (SDS) 
CH3(CH2)nOS03'Na* 
(ii) Sodium dodecylbenzenesulfonate (SDBS) 
CH3(CH2)i iCfiH, SO3" Na* 
Cationic surfactants yield a positively charged surfactant ion and a 
negatively charged counterion upon dissolution in water. Examples include 
quaternary ammonium salts and amine oxides. Cationic surfactants tend to be toxic 
and, therefore, are not widely used in environmental applications. They also tend to 
sorb to anionic surfaces and so can be severely retarded in groundwater systems. 
They, however, find applications in antifungal, antibacterial and antiseptic agents [3]. 
Examples: (i) Cetyltrimethylanmionium bromide (CTAB) 
CH3(CH2),5N^(CH3)3Br-
(ii) Cetylpyridinium bromide (CPB) 
CH3(CH2),5N^C5H5Br-
Nonionic surfactants are characterized by hydrophilic head groups that do 
not ionize appreciably in water. In the absence of electrostatic charge, the interaction 
between nonionic surfactant head groups are dominated by steric and osmotic forces. 
Most prevalent among the head groups of nonionics are oligomers of ethylene oxide 
and saccharides such as glucose or sucrose. Triton X-100 (TX-lOO) and Brij-35 are 
the representative examples. 
These surfactants have the advantage over ionic ones in that they are 
compatible with all other types of surfactant (i.e., used as cosurfactants) and there are 
little affected by pH or by the presence of salts. They are used extensively in low 
temperature detergency and as emulsifiers. 
Examples: (i) Polyoxyethylene-t-octylphenylether (TX-100) 
(C8H,7X:;6H40(OCH2)„H 
n=9-10 
(ii) Polyoxyethylene monohexadecyl ether 
CH3(CH2)i5(OCH2CH2)2iOH 
Zwitterionic (amphoteric) surfactants have hydrophilic polar head groups 
which cany both positive and negative charges and this lead to head group 
hydrophilicity an intermediate between those of ionic and nonionic surfactants [3]. 
These surfactants can behave as anionic, nonionic or cationic species, depending on 
the pH of the solution. Zwitterionic surfactants are less irritating to skin than many 
ionic surfactants and have thus many useful appUcations when combined with ionic 
and nonionic surfactants in cosmetic and pharmaceutical industries. The betaines are a 
very important class of zwitterionic surfactants. 
Examples: (i) N-dodecyl-N,N-dimethyl betaine 
•OOCCH2NH2*(CH2)iiCH3 
(ii) 3-(dimethyl dodecylanimonio)-propane-l-sulfonate 
CH3(CH2)i ,>r(CH3)2CH2CH2CH2S03-
Dimeric (Gemini) surfactants are made up of two surfactant moieties 
connected at the level of, or very close to, the head groups by a spacer group. The 
spacer may be hydrophilic, hydrophobic, short or long and flexible or rigid typically 
2-8 bridging atoms (Figure 1.1) [4-7] and may be cationic, anionic or nonionic. 
Mostly the gemini surfactants are symmetrical in nature but some unsymmetrical ones 
with three or more polar groups or tails have been reported [8, 9]. Nonionic geminis 
with acetylene spacers, glucosamide-based trisiloxane geminis and sarcosine-based 
anionic geminis are also synthesized, although quaternary ammonium-based cationic 
geminis are the most commonly synthesized gemini surfactants. 
Figure 1.1. Schematic structure of gemini surfactant 
The spacer, thus, represents a new structural parameter to tune the behavior 
and properties of the surfactants, in addition to the classical variation of the nature of 
the hydrophilic head group and the hydrophobic tail. The presence of the spacer 
connecting the amphiphilic moieties permits the synthesis of dimeric surfactants with 
an enormous variety of structures and thus possibly opens the door to properties that 
cannot be achieved with pure conventional surfactants. 
Examples: (i) Butanediyl- a, (jo-bis(dimethyldodecylainmonium bromide) 
C,6H33 (CH3)2 N (^CH2)4N" (CH3)2 C,6H33 2 Br-
(ii) Pentadecyl- a, ci)-bis(sodium-N-butyl-p-alardnate) 
- 02CH2CNCOH3,Ci5-(CH2)4-Ci5H3iCONCH2C02" 2Na^ 
All the gemini surfactants showed two important features with respect to 
conventional surfactants viz., much lower cmc values (10-100 times) and high 
efficiency to reduce the surface tension of water. 
Critical Micelle Concentration 
Surfactant molecules are known to form aggregates when they are 
dissolved in aqueous solution in sufficiently large concentrations. As the 
concentration of surfactant increases from zero, certain macroscopic properties, such 
as osmotic compressibility, surface tension, solubilization and conductivity of the 
solutions, are found to change abruptly over a narrow range of the concentration 
(Figure 1.2) [10]. 
This suggests that there is a concentration above which some sort of 
aggregates would form with a high probability and that these aggregates dramatically 
affect the transport and thermodynamic properties of the solution. This threshold 
concentration of surfactant molecules is called the critical micelle concentration 
(cmc). As the cmc depends on the solution properties employed in the determination, 
its value differs with the method used. For this reason, measured cmc values defined a 
narrow concentration range. The magnitude of this concentration range may be 
dependent on the physical property which is measured. 
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Figure 1.2. Schematic representation of the concentration dependence of some 
physical properties of surfactant solutions. 
The cmc values may be determined by many, many different techniques. 
Popular techniques include surface tension, turbidity, self-diffusion, conductivity (for 
ionic surfactants), osmotic pressure, solubilization, surfactant selective electrodes and 
fluorescence methods. Mukerjee and Mysels [11] have provided a useful compendium 
of cmc values. 
Factors Affecting cmc 
Nature of the hydrophobic group 
For ionic surfactants, Increase in the number of carbon atoms in unbranched 
hydrocarbon chain leads to a decrease in the cmc [12]. The dependence of cmc on m, 
the number of carbon atoms in the chain, may be expressed by the empirical equation 
Log(cmc) = A - Bm 
8 
where A and B are constants for a homologous series. In general for ionic surfactants, 
the cmc is halved when the length of the straight hydrocarbon chain is increased by 
one methylene group. For chains of greater length than 16 carbon atoms, further 
increase in chain length often has no appreciable effect on the cmc, possibly due to 
the coiling of the long chains in solution. With nonionic surfactants, the addition of 
one methylene group causes the cmc to decrease to approximately one third of its 
origmal value. The presence of a double bond in the chain, has also been found to 
increase the cmc. A phenyl group is roughly equivalent in its effect on the cmc to 
three and a half methylene groups, when introduced into a straight chain. 
Nature of the hydrophilic group 
In aqueous media, ionic surfactants have a much higher cmc than nonionic 
surfactants with a corresponding hydrocarbon chain, due to the lack of electrical work 
necessary in forming the micelles. 
Replacement of nitrogen in decyltrimethylammonium bromide by 
phosphorous or arsenic decreased the cmc by 35% [13]. Substitution of a methyl 
group in dodecyltrimethylammonium bromide head by an ethyl group decreased the 
cmc by only 8% [14]. 
As the number of ioniaable groups increases in a surfactant molecule, the cmc 
increases due to the increase in electrical work required to form the aggregates. As the 
position of the ionic group changes from the terminal to more central, the cmc 
increases. 
For the polyoxyethylated ether type of nonionic surfactants, increase of the 
length of the polyoxyethylene chain caused an increase in the cmc. 
Nature of additives 
Addition of electrolyte to ionic surfactant solutions causes a reduction in the 
thickness of the ionic atmosphere surrounding the polar head groups and a consequent 
decreased repulsion between them. The effects are manifest as a reduction in cmc. 
Counterions adsorb at the ionic micelle surface and stabilize it; the extent of 
adsorption is dependent on the micelle charge density. The higher the adsorption of 
coimterions, the lower the cmc. An increase in the valency of counterion decreases the 
cmc. The size of the coxmterion is also a determining factor, an increase of cmc is 
noted with increase in hydrated radius. 
The addition of urea affects the cmc in a complex way. If added in the low 
concentration range, urea facilitates amphiphilic association (i.e., lowers the cmc) 
[15]. However, high concentrations of xurea increase the cmc [16]. 
A lowering of cmc of nonionic surfactants takes place following the addition 
of electrolytes. However, the magnitude of lowering is smaller than electrolyte effects 
on ionic surfactants. 
The addition of lower alcohols to ionic surfactants causes a decrease in the 
cmc which becomes more pronounced with increase in hydrophobicity of the added 
alcohol. 
With nonionic surfactants methanol and ethanol cause a cmc increase, the 
higher alcohols (butanol and pentanol), cause a decrease in this property. Propanol 
exhibits an intermediate effect, low concentrations causing a decrease in cmc, higher 
concentrations (>1 M) causing an increase. 
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Effect of temperature 
The effect of temperature on cmc is essentially guided by the way temperature 
affects the solubility and other behaviours of surfactants in solution. In general, for 
ionic surfactants, the cmc first decreases in the lower range of temperature, at higher 
temperature it increases [17]. For nonionic surfactants, the cmc decreases with 
increasing temperature [18]. The decrease in cmc of ionic surfactants with 
temperature increase at lower temperatures is possibly due to dehydration of the 
monomers, whilst fiirther temperature increase causes disruption of the structured 
water around the hydrophobic groups which opposes aggregation. Also, thermal 
agitation of molecules at higher temperatures results in a decreased self-adhesion 
between molecules. 
Effect of pressure 
An increase in cmc with pressure increase was reported upto pressure of about 
150 MPa, followed by a cmc decrease at higher pressures [19]. Such behaviour has 
been rationalized in terms of a pressure-induced increase in the dielectric constant of 
water and other aspects related to water structure. Increase in cmc may be due to 
water structure destruction, by the applied thrust to assist wider distribution of the 
surfactant molecules in solution to oppose their tendency of association. The decrease 
in cmc may be due to an increase in the dielectric constant of water making less 
electrical work necessary to form an aggregate. 
Effect of solvent 
The polarity of medium favours surfactant association. Non-polar medium 
offers environment similar to the surfactant tail so that their tendency of self-
association is reduced. It has been found that aggregation is retarded in some organic 
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solvents [20]. cmc of surfactants were found to be lower in D2O than in H2O [21] 
because hydrophobic bonds may be stronger in D2O than in H2O [22]. 
Types of Micelles 
When surfactants are dissolved in water, many types of aggregates are formed. 
These aggregates are known as micelles. Self-association of the amphiphilic 
compounds is a possible way of eliminating the energetically infavourable contact 
between the nonpolar part and water while simultaneously retaining the polar part in 
an aqueous environment. The physical phenomenon responsible for such behavior is 
referred to as the hydrophobic effect and arises from a subtle balance between 
intermolecular energies and entropies [23]. An equilibrium solution of amphiphiles in 
water corresponds to a system of aggregates, coexisting with a nearly constant 
concentration of monomers. Unlike in ordinary solutions, the solute particles in 
amphiphile solutions can respond to variations in thermodynamic parameters (such as 
total concentration, temperature or ionic strength) by changing their size and shape 
distributions. This behavior resembles that of a system governed by multiple chemical 
equilibria [24]. 
Normal micelles 
The most simple picture of the micellar structure formed by the ionic 
surfactants is the Hartley model [25]. Alternative models of the micellar structure 
have also been suggested by Menger [26,27], Dill & Flory [28] and Fromherz [29]. In 
the Hartley model (Figure 1.3) micelles are considered as globular structures, having a 
liquid core formed by the n associated hydrocarbon chains with the fiilly ionized head 
groups projecting out into the water. The radius of this core is roughly equal to the 
length of fully extended hydrocarbon chain (12-30 A). Immediately surrounding the 
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core is the Stem layer which contains not only the ionic head groups but also (l-a)n 
counterions where the degree of ionization a is about 0.2 to 0.5. The Stem layer 
constitutes the inner part of the electrical double layer surrounding the micelle. The 
outer, more diffiise layer which contains the remaining an counterions is termed the 
Gouy-Chapman layer [30]. Menger has proposed that water can penetrate inside the 
micelle upto a certain level [26, 31], the idea gets support from fluorescence and 
NMR measurements. The core and the Stem layer form the kinetic micelle. 
In polyoxyethylated nonionic micelles the core is surroimded by a 
layer composed of the polyoxyethylene chains to which solvent molecules may be 
hydrogen bonded [32]. This region is often termed tiie palisade layer. Water may 
remain trapped in this region. 
Counterions are bound primarily by the strong electrical field created by the 
head groups but also by specific interactions that depend upon head group and 
counterion type [33]. A two-site model has been successfiiUy applied to the 
distribution of counterions, i.e., they are assumed to be either "bound" to the micellar 
pseudophase or "free" in the aqueous phase [34]. The head group and counterion 
concentrations in the interfacial region of an ionic micelle are on the order of 3-5 M, 
which gives the micellar surface some of the properties of concentrated salt solutions 
[34]. Although the solution as a whole is electrically neutral, both the micellar and 
aqueous pseudophases carry a net charge because thermal forces distribute a fraction 
of the counterions radially into the aqueous phase [34]. 
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Figure 1.3. A two dimensional schematic representation of the regions of a 
spherical ionic micelle where X, O and AAAA are represented the 
counterions, the head groups and the hydrocarbon chains respectively. 
Reverse micelles 
Amphipathic nature of the surfactant molecules causes them to undergo rapid 
self-organisation when they, along with or without a limited number of water 
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molecules, are mixed with a nonpolar solvent. Under such a condition, the rapid self-
organisation of surfactant and water molecules occurs in a specific manner that 
minimizes repulsive and maximizes attractive molecular interactions between 
surfactant-surfactant, water-water, surfactant-nonpolar solvent, water-nonpolar 
solvent and surfactant-water molecules. Such energetic requirement, above cmc, 
forces the surfactant and water molecules to attain a molecular aggregate structure, 
which is called reverse micelle, in which water and polar/ionic head group of 
surfactant molecules protect themselves from being in contact with hydrophobic 
solvent molecules (Figure 1.4). 
Figure 1.4. A two dimensional schematic representation of a reverse micelle. 
At a very low surfactant concentration, the reverse micelles are very close to 
spherical in which water molecules occupy the central part of the sphere, thus forming 
a so-called microwater-pool, and these water molecules are in contact with head 
groups of reverse micelle-forming surfactant molecules. The tails of these surfactant 
molecules are extended toward bulk nonpolar solvent phase. 
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Mixed micelles 
Mixed micelles are defined as the micelles formed from monomers of two 
different (in terms of either head groups or hydrophobic tails or both) micelle-forming 
surfactants in aqueous solvent (Figure 1.5). 
Monomers 
Mixed micelle 
Figure 1.5. Schematic representation of mixed micelles by the monomers. 
Mixed micellar systems are encountered in nearly all practical uses of 
surfactants [35-37] as they generally provide better performance than a single pure 
surfactant system, where the compositions and concentrations can be optimized for 
each practical application. Physical properties of mixed micellar solutions could be 
understood in terms of various theoretical models such as Clint [38], Rubingh [39, 
40], Motomura [41], Georgiev [42], Nagarajan [43] and Puvvada [44] and Rodenas 
[45]. 
Mixed micelles may also form when low molecular weight solutes are 
solubilized by micelles of surfactant containing a relatively larger nonpolar side chain. 
The solubilized substances, also known as the penetrating additives, may be located in 
both the hydrocarbon core and in the hydrophilic mantle. 
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Packing Parameter and Shape of Micelles 
Small-angle neutron scattering (SANS) has evolved into a very powerfiil 
technique for studying the morphology of micelles formed in aqueous solution by 
surfactants, as well as the interaction between them [46,47]. The surfactant number or 
molecular packing parameter (also referred to as Mitchell-Ninham parameter [48]) is 
a remarkably simple and insightful parameter to consider when discussing the 
morphology of the structures formed by surfactants (Figure 1.6). It is a dimensionless 
quantity relating the volume of the hydrophobic portion of a surfactant (v), the length 
of the hydrophobic portion of the surfactant (/), and the area per head group (ao)- This 
quantity may be expressed as Rp where 
Rp = v/aj 
According to the empirical rules of Tanford [12], the volume of the hydrocarbon tail 
depends on the carbon number, Uc, as 
V = 27.4 +26.9 nc 
The folly extended chain length can be estimated from 
/= 1.5 +1.265 nc 
The area per head group of an ionic micelle is a rather difficult quantity to calculate 
since it is very dependent on counterion adsorption and ionic strength. Counterion 
adsorption greatly modifies intermolecular head group repulsion, and this repulsion 
greatly affects OQ. Similarly, ionic strength affects counterion adsorption as well as the 
shielding of intermolecular repulsion between head groups. 
This packing parameter may be used to describe a variety of regular and 
axisymmetric solids. 
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Figure 1.6. The different types of surfactant aggregation with relation to their shapes. 
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Spherical micelles 
For Rp < 1/3 the critical shape is that of a cone. Self-assembly of such cones 
generally leads to spheroidal micellar structures. Surfactants with large head group 
area and a small hydrophobic volume form spherical micelles. Examples are SDS, 
DTAB and single chain lipids with large head groups [49-51]. The size of the 
spherical micelles is not very sensitive to the surfactant concentration and the micelles 
are fairly monodisperse. 
Cylindrical micelles 
For Rp value lying between 1/3 and 1/2 the possible packing shape is that of a 
truncated cone. Such cones self-assemble to form rodlike structures such as 
cylindrical micelles. Surfactants with small head group area or large hydrophobic 
volxmie tend to form cylindrical micelles. For example, cetyltrimethylammonium 
bromide (CTAB) forms cylindrical micelles [52]. Some surfactants such as SDS at 
high ionic strength also form cylindrical micelles. In general, surfactants with charged 
head groups in presence of cosurfactants and counterions form cylindrical micelles 
[53, 54]. In presence of organic salt ions like salicylates, CTAB and CPC can form 
long wormlike micelles [55-57]. The size and shape of such micelles are very 
sensitive to surfactant and additive concentrations [58, 59] and are usually 
polydisperse. 
Bilayers and vesicles 
Highly truncated cones are obtained as critical packing shapes for 
1/2<J?^<1 
where flexible bilayers are formed. For example. Aerosol OT (AOT) and lecithins 
form such structures. 
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Bilayers are capable of forming spherical vesicles with an internal solvent 
filled cavity. One bilayer surface is expanded in this process and the other is 
contracted. 
Additive Effect on Structural Transitions 
A variety of aggregate morphologies has been observed in aqueous solution of 
amphiphiles [60, 61]. Morphology of self-assemblies formed by the amphiphilic 
molecules is a delicate balance of opposing forces, e.g., attractive tail-tail 
hydrophobic interactions, repulsive electrostatic interaction between head groups, 
hydration, etc. Various ways are devised to control the characteristics and 
morphology of these aggregates: (i) a large increase of the amphiphile concentration 
[62], (ii) and/or the use of some organic additives (short chain alcohols) [63], 
salicylate salts [64], etc.), (iii) and/or the addition of large amounts of certain mineral 
salts [65-68]. hi general, in the transition from sphere to rod, micelles change their 
aggregation number dramatically and grow linearly, keeping their radii constant [69-
71]. When the salt is a simple one such as NaBr and is of high concentration, long 
flexible rodlike or threadlike micelles are formed [72-74]. When the added salt has a 
highly binding counterion such as salicylate [75-77], tosylate [78, 79], and certain 
hydroxynaphthoate [80-82], striking behavior is observed in that highly extended 
stable threadlike micelles are formed at a rather low concentration of surfactant or 
added salt and solutions exhibit a remarkable viscoelastic behavior [83, 84]. However, 
not only high counterion binding is a prerequisite for micellar growth, but also the 
orientation of substituent on the aromatic ring is important [85-87]. 
The effect of the nature of the counterions in the case of anionic surfactants is 
much less dramatic. Several reports mdicate that change from Li ^ to Cs* induces 
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micellar growth [88, 89]. Thus, the degree of counterion binding follows the so-called 
Hofineister series [90]. Compared to these alkali metal counterions, symmetrical 
quaternary ammonium ions (R4N^) are essentially less hydrated and, therefore, 
binding with the micelles will be favorable. On the other hand, R4N^ has a low charge 
density and may also try to intercalate between head groups of anionic micelles. This 
will decrease the electrostatic interactions in addition to increased hydrophobic 
interactions. The positive charge on N-atom will decrease the effective area. All these 
factors will contribute towards micellar growth [52]. 
When organics are added to aqueous solutions of amphiphiles, they are 
solubilized into the supramolcular assemblies and sometimes modify the assembly 
structures. It has been proposed that interfacial partitioning of organic additives 
causes micellar growth, whereas interior solubilization produces swollen micelles [91, 
92]. Mukeqee [93] proposed that an additive that is surface-active to a hydrocarbon-
water interface would be solubilized mainly at the head group region and would 
promote micellar growth. In the study by Wormuth and Kaler [94], the hydrophilic 
ranking of organic additives (e.g., alcohols or amines) may be viewed in terms of the 
partitioning behavior between micellar and aqueous pseudo-phases. Amines were 
determined to be considerably more hydrophilic than alcohols [95]. Also, C4 to Cio n-
alkylamines have been found to be solubilized in micelles by hydrophobic and 
electrostatic effects and the amine group is left on the surface of the micelles [96]. 
Also, Lindemuth and Bertrand [97] observed that amines were more effective in the 
SDS system than in TTAB. 
Addition of alcohols to the micellar solutions affects the micellar properties by 
changing the structure of the solvent and of the surfactant aggregates. It has been 
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suggested that the short chain alcohols are localized mainly in the aqueous phase, thus 
influencing the micellar structure by altering the organisation of solvent molecules. 
Medium chain length alcohols are distributed between the two phases (i.e., micelle 
and bulk water) and long chain length alcohols are appreciably localized in the 
micellar phase [98, 99]. Hence short and medium chain length alcohols lead to a 
decrease in micellar size, whereas long chain alcohols have the opposite effect [100, 
101]. 
Nonpolar alkanes generally occupy the hydrocarbon part of the micelles. As 
long as the globular micelles are far from the transition to rods, the presence of 
alkanes in the core provides more hydrophobic volume and induces the uptake of 
more monomers while retaining the optimal volume fraction of water. Nonpolar 
solutes release the geometrical constraint, allowing the micelle to remain globular up 
to larger aggregate numbers. Aromatic additives behave differently in the cationic 
surfactant systems than they do with anionic ones. Aromatic hydrocarbons stimulate 
micellar growth in the case of cationic surfactants which may stem from interaction of 
the delocalized jt-electron cloud of the benzene ring with the positive charges of the 
surfactant head groups; a behavior very similar to that of a cosurfactant or counterion. 
The resulting reduction of head group favors rods by shrinking the surface area 
occupied per amphiphile, allowing the aggregation mraiber to increase. 
Micellar growth is generally facilitated by addition of electrolytes and 
cosurfactants simultaneously. Low values of aggregation number of SDS in aqueous 
solution are found to increase with the addition of 0.1 M NaCl and 0.6 M pentanol 
singly or jointly [100, 102-104]. Kabir-ud-Din and coworkers [105-110] reported that 
combined presence of salts and organic additives produces a synergism (e.g., 
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significant increase in viscosity) in miceilar solutions. This synergism is dependent on 
the nature of additives. It was also found that the presence of salt may change the 
conventional solubilization site of a particular additive and thus produce different 
miceilar morphologies. 
Clouding Phenomenon in Aqueous Amphiphile Solutions 
When two neat liquids are brought together, they may either mix into a 
homogeneous solution or they may form two solutions, where in each case one of the 
components can be regarded as the solvent. Normally, in the later case, the 
compositions of the two phases in equilibrium become more equal when the 
temperature is increased. The explanation is simple and can be expressed in terms of 
minimization of the free energy. From standard thermodynamics we know that 
AG = A H - T A S 
where H is the enthalpy and S the entropy. In terms of simple models such as the 
regular solution theory, this is a consequence of the relative temperature independence 
of AH and AS. This means that the main temperature dependence comes from TAS. 
This quantity is a measure of the disorder in the system and when a mixture is formed 
the disorder is normally increased. Consequently, we may expect the entropy of 
mixing to be a positive quantity that favors mixing and that this effect becomes more 
important at higher temperatures. 
The solubility of a surfactant in water is from simple thermodynamic 
arguments predicted to increase on heating. However, for almost all nonionic 
surfactants, an opposite behavior is observed; the solubility decreases as the 
temperature increases. At some point it becomes more favorable for the system to 
demix (Figure 1.7) [111]. This temperature is referred to as the lower consolute 
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temperature or simply the ^ cloud point' (CP), which is characteristic of the molecular 
architecture of the surfactant [112-114]. At CP a single isotropic micellar phase 
spontaneously separates into two isotropic phases, both of which contain surfactant 
and water but differ in total amphiphile concentration. The absence of long range 
electrostatic interactions between aggregates and the decreasing hydration of nonionic 
head groups with increasing temperature result in the spontaneous phase separation. 
This clouding behavior has also been observed with certain zwitterionic sxirfactants as 
well as ionic surfactants in special conditions [115-121]. The clouding is reversible 
and on cooling the mixture to a temperature below the cloud point, the two phases 
merge to form once again a clear solution. 
The clouding behavior of surfactants is strongly affected by the presence of 
various additives in the solution either by changing the structural properties of the 
micelles by solubilization in the micellar aggregates or by dissolving in water phase 
and thus changing the environment of the micelles [122-127]. 
The mechanism of CP has not been exactly known and has been discussed 
from two view points. One is that the aggregation number of the micelles increases 
and intermicellar repulsions decrease with the increase in temperature [128, 129]. As 
the temperature increases, micellar growth and increased intermicellar attraction cause 
the formation of particles, e.g., rod like micelles that are so large that the solution 
becomes visibly turbid [130]. Turbidity measurements [131-134] have been 
performed in order to determine the micellar size. However, this interpretation has 
been criticized [115,135] because the turbidity must show a big increase owing to the 
presence of CP, a phenomenon that has nothing to do with an increase in the 
molecular weight of the micelles. 
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Figure 1.7. Schematic temperature (T) - concentration phase diagram illustrating the 
types of amphiphiic aggregates encountered by moving away from the 
micellar region. 
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Other methods used to determine the micellar size [134, 136, 137], e.g. 
diffusion, viscosity and sedimentation measurements and osmometry, have, in 
general, confirmed that the micelles are small at low temperatures but larger at higher 
ones. However, these methods are also subject to difficulties in distinguishing 
between molecular weight and intermicellar interactions. 
However, Corti et al. [138] explained the behavior as critical fluctuation. The 
interpretation is that as the CP is approached the micelles come together, and above 
the CP they separate out as second phase. They were able to evaluate the critical 
exponents fi-om the light scattering data. The existence of attractive interactions 
between poly(oxyethylene) alkyl ethers at elevated temperatures has been 
demonstrated convincingly by Claesson et al. [139]. Lindman [140] has advanced a 
model based on conformational changes in the poly(oxyethylene) chain with changing 
temperature, from which a change in the dipole moment of the hydrophilic chain 
arises. This, in turn, leads to a decrease in the polarity or hydrophilicity of the 
surfactant and, hence, to phase separation. Kjellender [141, 142] has argued 
persuasively that attractions between spherical micelles cannot give rise to the low 
observed critical concentrations but are a consequence of attraction between 
anisotropic micelles. 
In ionic surfactant-electrolyte solutions little is known about the attractive 
potential. Warr et al. [143, 144] advanced a mechanism involving hydration shells to 
account for cloud points, whereas Appell and Porte [117] interpreted the clouding of 
CPB/NaClOs mixtures as being analogous to the phase separation of polymers in a 
poor solvent. Thus, the overall manifestation of the interactions is that water functions 
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as a good solvent for the micelles at low temperatures and becomes a poor solvent at 
high temperatures. 
According to Yu and Xu [145], there may be four factors responsible for the 
CP phenomenon in ionic amphiphiles: van der Waals attraction, electrical repulsion, 
solvation layer and hydrophobic interactions. They proposed a mechanism for 
clouding in tetrabutyltetradecyl sulfate. They postulated that butyl chains belonging to 
TBA^ associated with one micelle cloud cross-lmk to another micelle helping 
overcome the effects of electrostatic repulsion and an energetic barrier due to oriented 
water near the surfaces of the two micelles. 
Bales and Zana [69,146-148] opposed the mechanism for clouding in TBADS 
(or SDS + TBA ]^ which explains that reducing the water hydrating the micelles is 
responsible for CP. The hypothesis is supported by the fact that alkylammonium 
counterions are quite bulkyl and ought to expel water fix)m the palisade layer in the 
same way that bulky head group do [149]. 
To the previously suggested mechanisms for clouding in ionic micelles, they 
suggested [148] that a second layer of TBuA^ is loosely attached outside the polar 
shell of the TBuADS micelle because steric restrictions did not appear to allow 
enough available volume to house a sufficient number of coimterions. If this second 
layer is in fact available, the cross-linking between micelles could take place between 
butyl groups of the TBu Anions in the second layer This possibility is supported by the 
tendency of TBuA"^  ions to self-associate [150-154]. 
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Importance of the Research Problem 
Many amphiphilic chemicals are very active at various interfaces and can form 
aggregates in solution. The characteristic properties of surfactants have been widely 
applied in many processes, such as flotation, detergency, enhanced oil recovery, paint 
formulation, lubrication, coatings and deposition. 
Micelles in solution and the aggregates at interface also present unique 
microenvironments, which can be utilized for controlling many processes at a level 
that often cannot be achieved in macroscopic systems. 
Thus, studies on surfactants and their mixtures with additives or polymers in 
aqueous solutions are of interest for fimdamental understanding of their chemical, 
pharmaceutical, mineral processing and petroleum engineering applications [155, 
156]. Surfactant mixtures are usually preferred in commercial applications because 
mixed systems often exhibit enhanced properties through synergism [157,158]. 
Cloud point is an important property of surfactants and is used in applications 
such as detergency since (i) adsorption of surfactants on substrates has been found to 
increase significantly near their cloud points [159] and (ii) oily soil removal fi-om 
substrates is optimized at the cloud point [160]. It is, therefore, advisable to operate in 
the vicinity of the cloud point for such applications. 
The practical importance of CP lies in the fact that suspensions [161], 
emulsions [162] and ointments, stabilized with nonionic surfactants becomes unstable 
when heated in the vicinity of the CP, e.g., during steam sterilization, or some end 
uses. On the other hand, the rate of solubilization by surfactant solutions increases 
near their CP [163]. Foam control in many industrial processes is an important task 
28 
because foaming can limit rate of these processes and usability of the products. It has 
been found that the foam stability drops at a temperature near the CP [164]. 
The use of micellar solutions in different areas of analytical chemistry has 
attracted much attention in recent years and separation based on cloud point 
extractions are becoming an important and practical application in the use of 
surfactants in analytical chemistry [165,166]. 
Due to reasons mentioned above and many more, the effect of additives on the 
clouding behavior of nonionic surfactants has been a subject of intense research. This 
thesis is devoted to study the effect of various classes of additives on the clouding 
behavior of a nonionic surfactant Triton X-114 (TX-114) and an amphiphilic drug 
promethazine hydrochloride. 
Layout of the Thesis 
The thesis consists of four chapters including this one wherein the general 
introduction of amphiphiles, the factors responsible for the formation of various 
aggregation patterns and their solution properties, e.g., cloud point phenomenon, etc., 
are detailed. 
In Chapter II, the methodologies which were used in the studies are 
described. Materials used, individual purity, make, etc., are also given in tabular form. 
Chapter III consists of two parts, A and B. The A part consists of studies on 
the effect of various additives on the clouding phenomenon of TX-114 micellar 
solutions, hi part B, we have investigated CP variation on a chosen system (0.8 mM 
TX-114 + 80 mM TBuAB) with all those additives which were used in part A. 
Studies on the effect of various classes of surfactants on the CP behavior of an 
amphiphilic drug promethazine hydrochloride (PMT) are described in Chapter IV. 
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Bmenmental 
The materials used throughout the study are given in Table 2.1, including their 
abbreviated names, chemical formulas/structures, sources and purities. 
The drug (PMT), surfactant (TX-114) and additives (alcohols, amines, ureas, 
sugars, amino acids, surfactants and polymers) were used as received. 
Gemini surfactants were synthesized in the laboratory by the following 
methods [1]: 
a 
Br(CH2)„Br • C„H2„+,(Me)2N^-(CH2)™—^(Me)2C„H2„+,,2Br 
reflux 
(n= 16, m = 4-6 ) a = CnH2n+iN (^Me)2 (3.0 equiv.) 
All compounds were obtained by refluxing the corresponding a,to-dibromoalkane 
(with different m) with long chain N,N-dimethyl alkylamine in dry ethanol (at ~ 80°C) 
for 48h. The progress of the reaction was monitored using TLC Technique. The solvent 
was then removed under vaccum, and the solids thus obtained were recrystallized from a 
hexane/ethylacetate mixture to obtain pure surfactants. The overall yields of the 
surfactants ranged from 70 to 90%. 
' H N M R , C H N analysis, mass and IR spectroscopy were used for product 
characterization. 
Hygroscopic chemicals were stored in desiccators. PMT is not only hygroscopic 
but also photosensitive. So it was stored in a desiccator at a dark place (wrapped in 
42 
aluminium foil). As the surfactant TX-114 is also photosensitive, it was stored in the 
same manner. 
All solutions were prepared in doubly distilled deionized water of surface tension 
(y)=72 mN.m', and specific conductivity (K) =2.16 xlO"^ S.cm"\ 
Special care was taken for cleaning the glass wares, which were properly washed 
with freshly prepared chromic acid and distilled water then rinsed with acetone and kept 
in the oven for drying before use. 
Preparation of Sodium Phosphate Buffer Solutions 
10 mM sodium phosphate (SP) buffer solution was prepared from SP monobasic 
monohydrate (2 mM) and SP tribasic dodecahydrate (8 mM) and subsequently used 
throughout as solvent for CP measurements. [2-4] of the drug PMT. 
pH Measurement 
The pH of the PMT solutions was measured with an ELICO pH meter (model LI 
120) using combined electrode. All the CP measurements were taken at fixed pH i.e. 6.5. 
Cloud Point Measurements 
To determined the CP, the sample solution was taken in a graduated Pyrex glass 
tubes. The tubes were well stoppered to prevent evaporation. The tubes containing 
sample solutions were then placed in a controlled stirring and heating device. The 
temperature was slowly raised, until the clouding appeared and it was noted visually. The 
temperature was subsequently lowered until the sample became clear again. The 
temperature was cycled (at least twice) in this way to obtain the CP temperature 
43 
(reproducibility, ± 0.5 °C ). After determining CP at a given [additive], the system was 
diluted successively to lower [additive] by adding requisite volume of the stock solution 
by using micropipette. The above procedure was then repeated to get CF. 
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Introduction 
Molecules, which are amphiphilic such as surfactants, can spontaneously form 
various aggregates in aqueous solution [1]. One of the predominant reasons for the 
extensive use of surfactants is their remarkable ability to influence the properties of 
surfaces and interfaces, and to thereby have an impact on industrial processes and 
products. The applications of surfactants in industry area are quite diverse. Surfactants 
may be applied to advantage in the production and processing of foods, 
pharmaceuticals, laundry products and petroleum. They can also be found throughout a 
wide spectrum of biological systems and medical applications, soil remediation 
techniques, and other environmental, health, and safety applications. Despite their 
importance and applications, temperature dependence of self-assembly of surfactants in 
aqueous solutions is still not very clear. 
Nonionic surfactants are widely used as solubilizers and emulsifiers. Some of 
the more important and practical applications of these surfactants seem to lie in the area 
of separation science, for example, in separation of biological materials, removal of 
toxic solutes from polluted water, etc [2,3]. The commercial products of these 
surfactants are in general polydisperse [4], containing a distribution of chain lengths of 
the polyoxyethylene chain as the hydrophilic moiety. 
Nonionic surfactants cannot withstand elevated temperature and become 
insoluble manifesting turbidity, called 'clouding'. The phenomenon is an indication of 
their instability in solution. The threshold temperature for this state is called the cloud 
point (CP). The first manifestation of this phenomenon is the appearance of turbidity 
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throughout the bulk of the solution. Above this temperature, the solution separates into 
two phases: one, very small in volume, composed almost totally of the surfactant with a 
small amount of water (referred to as surfactant rich or coacervate phase), and the other, 
the bulk aqueous solution (aqueous phase) in which the surfactant concentration will be 
approximately equal to its cmc. The CP phenomenon is reversible and when the 
temperature falls below cloud point, a single phase appears again. This liquid-liquid 
phase separation can be induced in a system by changing the temperature, salt 
concentration, pressure and other solution conditions [5-7]. The additives affect the CP 
by modifying the surfactant-solvent interactions and size of the micelles. Many efforts 
have been made to study the effect of additives (e.g., salts [6, 8,9], organics [10,11] and 
surfactants[4,6,12-14]) on the CP of surfactants. 
Clouding is attributed to the dehydration of hydrophilic groups of the 
amphiphiles [15]. There are many theories to explain the presence of CP. However, it is 
still not completely resolved [16, 17]. Previously, clouding was ascribed to an increase 
in size and aggregation number [18, 19], of the micelles and the formation of giant 
micelles which eventually become insoluble in water. Later, it was realized that the 
phase separation results from the clustering of micelles due to the attractive 
intermicellar interactions [20, 21]. Kjellandar and Florin [22] suggested that this 
increased interaction is the result of strong entropy dominance. The ethylene oxide 
groups are highly hydrated and well structured (i.e., of less entropy). When two 
micelles approach each other their hydration spheres overlap and some water molecules 
are freed leading to an increase in entropy (negative AG). At the CP this AG is much 
more negative than that which arises for the repulsive forces. 
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The dehydration of micelles can be achieved either by raising of temperature so 
that hydration forces give way to van der Waals attraction [23] or by filling the 
hydrophilic region with other compounds so that the effective number of water 
molecules is reduced [24]. We have explored, in this work, both these possibilities with 
nonionic surfactant TX-114, generally used for preconcentration in analytical chemistry 
[25]. 
Results and Discussion 
Two competing factors affect the micelle formation and micelle growth in TX-
114. One is the hydrophobic interaction between the hydrocarbon parts of the surfactant 
monomers, which try to achieve aggregates with tightly packed chains [26]. The other is 
the steric repulsions due to headgroup hydration (micelles behave as hydrated hard 
spheres). The interplay between intermicellar and intramicellar interactions will have a 
very important influence on phase behavior [27]. CP can be referred to as a changeover 
in the total effective force between the micelles from being repulsive at low 
temperatures to attractive at high temperatures. This changeover can be due to an 
increase in the attractive forces, a decrease in the repulsive forces, or a subtle 
combination of such changes. The increasing temperature causes the dehydration of the 
ethylene oxide moieties and in this way causes a decrease of the steric repulsion 
between the two surfactant layers, and the van der Waals attraction becomes dominant 
[28-33]. The diminishing repulsion between alkylpolyglyco ether monolayers with 
increase in temperature was found experimentally by Claesson et al. [34]. Under the 
above general picture, effect of different parameters on the cloud point of TX-114 
aqueous systems will now be considered. The results are recorded in Tables 3.1-3.18. 
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Effect ofTX-114 concentration 
The CP measurement results are shown in Figure 3.1. The TX-114 
concentrations used are higher than its cmc (2.05 xlO"^  M [35]). The results are 
qualitatively similar to those obtained for other nonionic surfactants (e.g., TX-lOO [4, 7] 
and 1-octanol polyoxyethylene glycol monoether [36]). With the increase in TX-114 
concentration, the CP decreases sharply going through a minimum at 0.4 mM with ~19° 
C. Our values of CP are somewhat higher than the values reported in the literature [13]. 
Above 0.5 mM, CP increases slowly with the surfactant concentration. The decrease in 
CP in lower concentration range is due to increase in micelle concentration, which 
increases micelle-micelle interaction. However, the CP increase above 0.5 mM TX-114 
is because of the presence of a structured water-surfactant system at high concentration 
[14]. With the increase in temperature, this structure breaks and some of the water 
molecules are not attached to a micelle in particular but to the micelle system in general. 
This forms a kind of buffer between micelles, which hinders micelles to come together. 
Therefore, high temperature is required to remove the buffer (or barriers) and CP 
appears at higher temperature [14]. 
Effect of addition of quaternary salts 
In addition to having a positive charge, the quaternary salts carry four 
hydrophobic chains, hence they are less hydrated [37] (and their hydration decreases 
drastically on moving from X=Me to Pe [38]). Quaternary ammonium salts with X=Et 
and Me remain in aqueous phase and would not affect the CP of TX-114 solutions. 
However, as the alky) chain length of the salt increases (X-Pr-Pe), their hydrophobicity 
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increases and they go into the nonionic micelles to form mixed micelles, thereby giving 
them a positive charge. This added surface charge increases the repulsion between 
micelles and consequently the CP is raised. The results are shown in Figure 3.2. Schott 
et al. [39] obtained similar trend of these salts with TX-100. The explanation given by 
them is that the tetramethylammonium ion salts-out TX-100 by promoting water 
structure and formation of hydrogen bonds among water molecules. In higher 
symmetrical quaternary salts these effects are even stronger but the resultant increase in 
CP is due to mixed micelle formation. The replacement of the N atom with a P atom in 
the quaternary salts also shifts the occurrence of the CP phenomenon toward lower salt 
concentration. Since the charge on central atoms (N, P) is similar, the difference in CP 
may be attributed to their relative size. With <|)4PhB and Pr(|»3 PhB, CP shows a sharp 
increase This is probably because of the presence of four phenyl rings (which increases 
the steric repulsions within the micelles). With <t>4Ph^ , the P atom would be under the 
environment of a delocalized 7t-electron cloud of the phenyl rings. This would reduce 
the net positive charge on ^^Ph^ [40]. However, the size of phenyl ring is larger than the 
Bu4Ph .^ Substitution of one phenyl ring with a propyl chain has little effect on the CP 
behavior. 
Figure 3.3 shows the effect of TBuAB on the CP of TX-114 at two 
concentrations. On increasing the TX-114 concentration from 0.362 mM to 0.80 mM 
the amount of TBuAB needed to produce a given rise in CP increases. This can be 
understood in the light of above discussion (for Figure 3.1) because increase in 
surfactant concentration increases tlie number of micelles or the surface area of the 
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aggregates and a larger number of salt ions would be required to give the same surface 
charge to micelles or to increase the CP. 
Effect of addition of alcohols and amines 
Increased aqueous solubility of otherwise slightly soluble or insoluble 
substances brought about by the presence of micelles is known as solubilization. Their 
addition affects the micellar properties by changing the structure of the solvent and of 
the surfactant aggregates. In particular, the effect of water-soluble compounds can be 
explained by considering their effect on water-structure. Compounds, which are water-
structure breakers, increase the CP while water-structure makers decrease the CP [14, 
41]. On the other hand, less soluble compounds (in water) solubilize inside the micelle, 
and their effect can be explained by considering the solubilization site and effect on 
micellar structure [4, 42]. Figures 3.4-3.8 show the effect of aliphatic alcohols and 
amines on the CP of 0.80 mM TX-114 aqueous solutions. Short chain additives increase 
the CP shown in Figures 3.4 (alcohols) and 3.6 (amines). Short chain additives, e.g. 
CiOH, C2OH, C3OH, C2NH2, C3NH2 and C4NH2 tend to remain in aqueous phase and 
modify the solvent properties. In general, short-chained additives have good solubility 
in water or are infinitely miscible with water. Presence of short-chained additives can 
modify the solvent properties leading to the formation of a less polar medium. This 
factor combining with the adsorption of these additives at the micelle-water interface 
originates a restriction to the micellization of surfactant molecules, which leads to an 
increase in cloud point [7]. The increasing effect of these alcohols is in the order of 
CiOH< C20H< C3OH which is consistent with the isoentropic compressibility data 
reported for these alcohols in alcohol-water systems [43]. 
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The hydrophilic ranking of these two classes of additives has been treated by 
Wormuth and Kaler [44]. They found amines to be more hydrophilic than alcohols. Our 
results also show similar behavior: both classes show similar CP behavior but amines 
are more soluble in surfactant solution than alcohols. 
Longer chain additives behave oppositely (Figures 3.5 (alcohols) and 3.7 
(amines)). Micelle formation in nonionic surfactants depends mainly upon two factors. 
First, the hydrophilicity of headgroup, which favors micelles with high surface area per 
headgroup, second, the hydrophobic interactions which favor large micelles with small 
surface area per headgroup. Mukerjee [45] had proposed that an additive, which is 
surface active to a hydrocarbon/water interface, will be mainly solubilized at the 
micellar surface. Mitchell and Ninham [19] have proposed a simple model for surfactant 
aggregation in which micelle size and shape are determined from the packing 
parameter, Rp,_ which relates the hydrophobic volume of the surfactant monomer, (vj, 
the optimum surface area of the headgroup (oo), and the chain length of the hydrophobic 
portion (4), as 
Rp = Vt/aJc 
Longer chain alcohols and amines are hydrophobic in nature but, due to the 
presence of hydrophilic -OH/NH2 group, solubilize in the headgroup region with the 
alkyl chain penetrating into the micellar core. This penetration increases the Vo [46]. As 
a result, Rp value increases. According to packing constraints, a micellar growth is, 
therefore, expected and this will lead to a depression in CP, as found experimentally 
(Figures 3.5 and 3.7). As the alkyl chain length of the additive increases, hydrophobic 
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volume also increases with a concomitant increase in Rp value and the amount of 
additive required to depress the CP decreases. 
Figures 3.5 and 3.7 show that for equal alkyl chain lengths, alcohols are more 
effective in lowering the CP than amines. It was reported earlier that long chain amines 
are solubilized in SDS and CTAB micelles by electrostatic and hydrophobic effects 
with the amine group left on the surface of the micelles [46]. Their hydrolysis into R-
NH3^ and OH" gives nonionic micelles positive charge. Therefore, repulsions within 
micelles would increase and CP would increase more in presence of amines. 
It is interesting to note the behavior with C4OH and C4NH2. Although the 
number of carbon atoms is same (i.e., 4), the behavior of the two is opposite to each 
other: the former decreases the CP while the latter causes a sharp increase. As pointed 
out earlier, the -NH2 group is more hydrophilic than the -OH group. This 
hydrophilicity (and dissociation also) causes higher solubility of C4NH2 in aqueous 
phase. Therefore, with these systems C4NH2 would behave like the short chain additives 
and would increase the CP, which is indeed observed. (Figure 3.6). 
Figure 3.8 depicts the effect of cyclopentanol and diols on the CP of 0.80 mM 
TX-114 aqueous solution. Cyclopentanol is water-insoluble compound and, therefore, 
solubilizes in the micelles. This solubilization removes water molecules from the 
headgroup region and hence CP decreases with the increasing concentration of 
cyclopentanol. Ethanediol and propanediol show behavior opposite to each other: 
ethanediol decreases the CP slightly at higher concentrations while propanediol shows 
increasing effect. The results can be explained on the basis of their dielectric constants 
which are 37.7 (ethanediol) and 32.0 (propanediol) [47]. Addition of these diols 
65 
decreases the dielectric constant of the aqueous medium, which would cause an increase 
in repulsions in the system. As the dielectric constant of propanediol is smaller than that 
of ethanediol, the former decreases the dielectric constant of water to a greater extent 
than the latter. Hence, addition of propanediol mcreases the repulsions more and CP 
increases in its presence. 
Effect ofaddiHon of hydrocarbons 
Figure 3.9 shows the effect of hydrocarbons on the CP of TX-114 solution. 
Hydrocarbons are hydrophobic compounds and would solubilize in the micellar core. It 
has been proposed that interfacial partitioning of organic additives causes micellar 
growth while interior solubilization produces swollen micelles [48]. These swollen 
micelles would contain more water molecules near head groups and hence CP increases. 
Effect of addition of ureas 
Figure 3.10 depicts the CP variation of 0.8 mM TX-114 aqueous solution in 
presence of various ureas and thioureas. To understand the microscopic basis of urea 
action, two different mechanisms have been proposed [49-51], (i) urea affects the 
solvent (indirect mechanism): urea alters the water structure and facilitates the solvation 
of the hydrophobic species; (ii) urea replaces the solvent (direct mechanism): urea 
participates in the solvation of the hydrophobic species by replacing some water 
molecules in the hydration shell. The indirect mechanism is widely accepted, and many 
experimental results seem to support the hypothesis that urea acts as a "water-structure 
breaker" [52]. In particular, the urea addition to micellar solutions leads to an increase 
in cmc [53] or decrease in aggregation number [54]. This is attributed to the breaking of 
water structure favoring the dissolution of hydrophobic solutes [55]. 
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Results presented in Figure 3.10 also support the indirect mechanism. Urea acts 
as a water-structure breaker and increases the CP. The CP increasing effect becomes 
more pronounced with the substitution of methyl groups to urea, the order being 
U<MU<DMU<TMU. In earlier studies also these alkylureas were found as micelle 
destabilizing agents [56, 57]. Figure 3.10 also depicts the effect of thioureas on CP. The 
same CP increasing effect is observed with both thiourea and dimethylthiourea but the 
effect is more than that of ureas. The structure of thiourea closely resembles that of urea 
with less aqueous solubility and better thermal stability. Studies on thiourea-surfactant 
systems show that thiourea is a better structure breaker compared with urea at similar 
concentrations [54, 58]. Water-structure breakers increase the CP by making more 
water molecules available to the micelles. 
Effect of addition of sugars 
Results of CP variation with added sugars are presented in Figure 3.11. Sugars 
decrease the CP of TX-114 aqueous solution. Sugars, well known water-structure 
makers, increase the hydrophobic interactions and decrease the cmc of surfactants [59]. 
These observations are similar to the decrease in aqueous solubility of hydrophobic 
compounds by sugars. The sugars decrease the water of hydration of the micelles by 
competing for water molecules associated with the micelles and hence CP decreases in 
presence of sugars. The results of Figure 3.11 indeed support the explanatioa 
Effect of addition of amino acids 
Figure 3.12 shows the variation of CP of 0.8 mM TX-114 aqueous solution with 
the addition of amino acids. The effect of amino acids on the CP may be explained on 
the basis of taking cognizance of polarity and hydrophobicity. Non-polar and uncharged 
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polar amino acids would prefer either the micelle interior or bulk water and in doing so 
would not affect the micellar hydration. Therefore, CP shows mild changes. 
Surprisingly, tryptophan and phenylalanine, although non-polar, increase the CP of the 
system sharply. These amino acids possess larger hydrophobic portion compared to the 
other non-polar amino acids used in this study and hence would sit deeper inside the 
micelles. This will decrease the compactness of the micelles and micelle hydration 
increases. 
Effect of addition of surf octants 
(i) cationic surfactants 
Figure 3.13 shows the variation of CP of TX-114 aqueous solution with the 
addition of cationic conventional surfactants. The CP increases with the increase in 
surfactant concentration. It can be seen from Figure 3.13 that all the added surfactants 
produce increase in CP. However, TTAB shows slow increase. The difference in 
behavior of TTAB and the other two surfactants is due to the shorter chain of TTAB. As 
all the added surfactants bear a positive charge and their concentrations are either equal 
to or less than their cmc values, these surfactants will either exist as monomers or would 
form mixed micelles with TX-114. 
Addition of CPB gives higher values of CP than with CPC. The result can be 
explained on the basis of counterion effect. The anions can be classified into Hofiiieister 
series [60]. Two mechanisms have been proposed to explain the behavior of anions: (i) 
inorganic salts affect the solvent property of water, salts on left hand side of the series 
are known as structure makers while those on right hand side as structure breakers [55], 
(ii) salting-in and salting-out phenomena are related to adsorption and desorption of the 
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ions on the head group of the amphiphile [61]. The degree of counterion binding is 
known to affect the morphology of micelles [62]. The counterion size follows the order: 
F' < Cr < Br' whereas the hydrated size shows opposite trend [38]. Br", therefore, 
binds strongly to the micelles and increases their hydration. As a result, CP increase is 
more with CPB. 
Figure 3.14 depicts the CP increasing trend of gemini surfactants addition. 
These surfactants exists as mixed micelles or/and individual micelles in the solution. 
This will increase the repulsions within the micelles and hence CP increases. Increase in 
spacer chain length increases the surface charge and significantly influences the 
aggregation properties of these surfactants. Hence CP increases sharply with 16-6-16. 
(ii) anionic surfactants 
The effect of anionic surfactants on the variation of CP of TX-114 aqueous 
solution is depicted in Figure 3.15. The CP increases with surfactant concentration as 
shown in the Figure. The micelles formed by TX-114 would be neutral. Addition of 
anionic surfactants would give negative charge to the micelles by forming mixed 
micelles with the nonionic TX-114. This added surface charge would increase the 
repulsions in the micelles, thereby increasing the CP [63, 64]. The behavior could be 
explained in terms of the structures of the two surfactants. Although both surfactants 
possess hydrophobic chains of twelve carbons, SDBS has a ^^—^ while SDS 
contains -O- . A phenyl group is considered equivalent to three or four carbons in a 
straight chain [65]. This makes the SDBS molecules more hydrophobic as compared to 
SDS molecules. 
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(iii) nonionic surfactants 
In Figure 3.16, we have shown the effect of nonionic surfactants. These 
nonionic surfactants possess polyethylene chains which are hydrophilic in nature. These 
surfactants form mixed micelles with the TX-114 micelles and, in turn, increase the 
hydration of micelles. Therefore, the CP increases with the increase in concentration of 
nonionic surfactants. 
Effect of addition of polymers 
Figures 3.17 and 3.18 show the CP variation of TX-114 aqueous solution with 
the concentration of polymers of PEG and PVP series, respectively. The results show 
that the CP decreases with an increasing polymer concentration. In general, for 
polymers of a homologous at the same concentration, one with a higher molecular 
weight has a stronger effect on lowering the CP. PEG-1000 is most effective while 
PEG-200 is least in decreasing CP. It seems that molecular weight of the polymer is 
playing some role. Trend observed with PVP addition is similar to PEG (shown in 
Figure 3.18): for PVPs of high molecular weight CP decreases, while with PVP of 
molecular weight 10000 (PVP K-15) CP remains constant up to 4 wt %. and above this 
it increases slowly. May be the low molecular weight PVPs are partitioning in the 
micelles and decreasing the hydration of micelles, whereas high molecular weight 
polymer hinders micelle formation. 
Thermodynamics of clouding 
Many attempts have been made to explain the process of phase separation in 
terms of thermodynauiics based on the mole-fractional solubility of the clouding species 
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in presence of additives [66, 67]. The clouding is considered as the formation of a 
separate phase in the solution where the clouding species become dehydrated and 
separate out in the solution. The CP, therefore, can be taken as the solubility limit of the 
clouding species at that temperature. The standard Gibbs energy of solution (here 
called clouding) (AGs) is then given by the relation 
AGs° = RTlnx (3.1) 
where x, R and T are mole fractional solubility at CP, the gas constant and absolute 
temperature respectively. 
The standard enthalpy and entropy of the process can be calculated by the relation 
( A G ; /T)/d( 1/T) = AHs° (3.2) 
and 
TAS; = AHs°-AGs° (3.3) 
The values calculated from equations 3.1-3.3 are given in Table 3.19. The table 
contains the parameters for pure TX-114 and TX-114 + additive systems. For pure TX-
114 in the range of 0.33 mM to 2 mM, AG/values vary from -12.0 to -8.4 kJ mol ' . In 
presence of additives, AGs values become more negative indicating more spontaneous 
process. TASs ° values for TX-114 + quaternary salt are negative (except for PrOsPhB) 
and positive for all long chain alcohols and amines. TASs° values for TX-114 + 
surfactant (except CPC) are negative. The clouding results in macroaggregate formation 
releasing heat and there is an overall ordering in the system. However, in some systems, 
at high additive concentrations, increase in temperature increases the disorderliness in 
the system and TASs becomes positive. 
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For the transfer of monomers into micelles the net heat change is due to two 
processes: (i) disruption of the water structure around the nonpolar tails of the surfactant 
molecules, and (ii) incorporation of the monomers into the micelles. The first process is 
endothermic and increases the entropy whereas the second one is exothermic and 
decreases the entropy. The energetic parameters reveal that the solubilization process is 
controlled by both enthalpy and entropy. These parameters also support our CP 
explanation. Positive TASs values mean that the micellization is favorable, i.e., cmc 
decreases in presence of these additives. Negative TASs" values indicate that these 
additives cause micellar breakdown which is evident from CP increase. 
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Table 3.1. CP data for pure TX-114 aqueous solution. 
[TX-114] CP 
(M) CQ_ 
0.00033 27.5 
0.00035 20.0 
0.00040 19.5 
0.00055 20.0 
0.00060 21.0 
0.00070 21.0 
0.00080 23.0 
0.00100 25.0 
0.00150 25.0 
0.00200 25.5 
0.00275 25.5 
0.00300 25.5 
0.00400 26.0 
0.00500 26.0 
0.00600 26.0 
0.00750 26.0 
0.01000 26.5 
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Table 3.3. CP data for x mM TX-114 aqueous solution with added TBuAB. 
x=0.362 
[TBuAB] 
(M) 
0.00000 
0.00200 
0.00300 
0.00375 
0.00428 
0.00600 
0.00750 
0.01000 
0.01500 
0.01870 
0.02300 
0.02500 
0.03000 
0.03130 
0.03330 
0.03480 
0.03840 
0.04280 
0.04840 
0.06000 
0.06800 
0.07140 
0.07500 
CP 
ro 
26.0 
26.0 
26.0 
26.5 
26.5 
26.5 
27.0 
27.5 
27.0 
28.0 
29.0 
30.0 
31.5 
32.0 
33.0 
33.5 
34.5 
35.5 
37.0 
40.5 
44.0 
45.0 
47.0 
x=0.8 
[TBuAB] 
(M) 
0.0000 
0.0050 
0.0100 
0.0150 
0.0200 
0.0250 
0.0300 
0.0350 
0.0400 
0.0450 
0.0500 
0.0550 
0.0600 
0.0650 
0.0700 
0.0750 
0.0789 
0.0800 
0.0810 
0.0830 
0.0857 
0.0880 
0.0940 
0.1000 
0.1070 
0.1100 
0.1200 
CP 
ro 
23.0 
23.0 
24.0 
25.0 
25.5 
26.0 
27.5 
28.0 
29.0 
31.0 
32.0 
33.0 
34.0 
37.0 
38.0 
40.0 
40.5 
41.0 
42.5 
43.5 
45.0 
46.5 
48.5 
52.0 
55.0 
57.0 
65.0 
Table 3.4. CP data for 0.8 tnM TX-114 aqueous solution with added alcohols. 
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[C.OH] 
(M) 
0.000 
0.196 
0.235 
0.294 
0.392 
0.470 
0.588 
CP 
CC) 
23.0 
23.0 
23.5 
24.5 
25.5 
26.5 
27.0 
[C2OH] 
(M) 
0.000 
0.214 
0.257 
0.321 
0.367 
0.427 
0.513 
0.641 
0.733 
0.856 
1.026 
1.166 
1.285 
CP 
CQ 
23.0 
23.5 
24.0 
25.5 
26.0 
27.5 
29.5 
31.0 
33.0 
35.5 
38.0 
41.5 
43.0 
[C3OH] 
(M) 
0.000 
0.044 
0.088 
0.105 
0.132 
0.150 
0.176 
0.210 
0.263 
0.301 
0.352 
0.422 
0.479 
0.527 
CP 
CQ 
23.0 
23.0 
24.5 
25.0 
26.0 
27.5 
28.0 
30.0 
31.5 
33.5 
36.0 
38.0 
41.5 
42.5 
[C4OH] 
(M) 
0.000 
0.561 
0.583 
0.606 
0.631 
0.658 
0.688 
0.758 
CP 
CC) 
23.0 
22.5 
21.5 
20.0 
18.5 
17.0 
15.0 
11.0 
Table 3.5. CP data for 0.8 niMTX-114aqaeous solution with added alcohols. 
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[C50H] 
(M) 
0.0000 
0.0729 
0.0912 
0.1042 
0.1216 
0.1300 
0.1400 
0.1520 
0.1650 
0.1820 
CP 
CO 
23.0 
21.5 
20.5 
19.5 
18.0 
17.5 
16.5 
15.5 
15.0 
14.0 
[C60H] 
(M) 
0.0000 
0.0117 
0.0126 
0.0141 
0.0147 
0.0153 
0.0160 
0.0168 
CP 
ro 
23.0 
22.5 
22.0 
19.0 
17.0 
15.5 
14.0 
12.0 
[C7OH] 
(M) 
0.00000 
0.00124 
0.00165 
0.00248 
0.00330 
0.00496 
0.00567 
0.00661 
0.00721 
0.00794 
0.00882 
0.00993 
0.0113 
0.0132 
CP 
CO 
23.0 
23.0 
22.5 
21.5 
21.0 
20.0 
19.0 
18.5 
17.0 
16.5 
15.5 
15.0 
14.0 
12.0 
[CgOH] 
(M) 
0.00000 
0.00206 
0.00221 
0.00248 
0.00258 
0.00269 
0.00281 
0.00295 
CP 
rc) 
23.0 
22.5 
22.5 
22.0 
21.0 
18.5 
16.0 
14.0 
Table 3.6. CP data for 0.8 mMTX-114aqueoussolution with added amines. 
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[C2NH2] 
(M) 
0.000 
0.779 
0.155 
0.178 
0.207 
0.227 
0.249 
0.277 
0.312 
0.356 
0.389 
0.415 
0.445 
0.479 
0.519 
0.567 
CP 
rc) 
23.0 
23.0 
24.5 
26.0 
28.5 
30.0 
31.5 
33.5 
35.5 
37.0 
39.5 
41.5 
43.0 
46.0 
48.5 
50.0 
[C3NH2] 
(M) 
0.000 
0.093 
0.105 
0.120 
0.140 
0.168 
0.210 
0.240 
0.280 
0.300 
0.323 
0.350 
0.380 
0.420 
CP 
fC) 
23.0 
23.5 
25.0 
26.0 
27.5 
29.5 
31.5 
33.0 
34.5 
35.5 
37.5 
38.5 
40.5 
41.5 
[C4NH2] 
(M) 
0.0000 
0.0496 
0.0566 
0.0660 
0.0793 
0.0882 
0.0992 
0.1130 
0.1320 
0.1420 
0.1530 
0.1650 
0.1800 
0.1980 
CP 
rc) 
23.0 
23.5 
25.0 
26.0 
27.0 
28.5 
30.5 
32.0 
33.0 
34.5 
35.5 
37.0 
38.5 
39.5 
[C5NH2] 
(M) 
0.0000 
0.0510 
0.0568 
0.0639 
0.0709 
0.0751 
0.0798 
0.0851 
0.0912 
0.0980 
0.1060 
0.1160 
0.1280 
CP 
CO 
23.0 
23.0 
24.0 
25.5 
27.0 
28.0 
29.5 
30.5 
32.0 
33.0 
34.0 
35.5 
36.5 
Table 3.7. CP data for 0.8 mM TX-114 aqueous solution with added amines. 
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[C6NH2] 
(M) 
0.0000 
0.3680 
0.0397 
0.0421 
0.0446 
0.0474 
0.0507 
0.0566 
0.0613 
0.0669 
CP 
ro 
23.0 
23.0 
22.5 
21.0 
20.0 
18.5 
16.5 
15.0 
12.5 
11.0 
[C7NH2] 
(M) 
0.0000 
0.0082 
0.0094 
0.0103 
0.0109 
0.0117 
0.0121 
0.0126 
0.0131 
0.0136 
CP 
rc) 
23.0 
23.0 
23.0 
21.5 
20.0 
18.5 
17.0 
16.0 
15.5 
14.0 
[C8NH2] 
(M) 
0.00000 
0.00295 
0.00311 
0.00328 
0.00347 
0.00369 
0.00393 
0.00406 
0.00421 
0.00472 
CP 
rc) 
23.0 
23.0 
22.5 
21.0 
19.5 
18.5 
17.0 
16.0 
15.0 
12.0 
Table 3.8. CP data for 0.8 mMTX-114 aqueous solution with added alcohols. 
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[Cyclopentanol] 
(M) 
0.00000 
0.00432 
0.00540 
0.00620 
0.00720 
0.00864 
0.01080 
CP 
rc) 
23.0 
22.5 
20.5 
19.0 
17.0 
16.0 
14.0 
[Ethanediol] 
(M) 
0.000 
0.120 
0.169 
0.211 
0.282 
0.338 
0.423 
CP 
CO 
23.0 
23.0 
23.0 
23.0 
23.0 
23.0 
22.5 
[Propanediol] 
(M) 
0.000 
0.227 
0.302 
0.318 
0.377 
0.412 
0.453 
CP 
CO 
23.0 
23.0 
24.0 
24.5 
25.0 
26.0 
27.0 
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Table 3.9. CP data for 0.8 mM TX-114 aqueous solution with added hydrocarbons. 
[Hexane] 
(M) 
0.0000 
0.0030 
0.0050 
0.0100 
0.0150 
0.0196 
0.0245 
CP 
CO 
23.0 
23.0 
23.0 
24.0 
25.0 
25.5 
26.0 
[Heptane] 
(M) 
0.0000 
0.0015 
0.0020 
0.0023 
0.0028 
0.0035 
0.4000 
0.0046 
0.0056 
0.0070 
CP 
ec) 
23.0 
23.0 
23.5 
23.5 
24.0 
24.5 
25.5 
26.0 
26.5 
27.5 
[Decane] 
(M) 
0.00000000 
0.00000112 
0.00000145 
0.00000242 
0.00000364 
0.00000727 
0.00001140 
0.00001600 
0.00002750 
0.00004000 
0.00004620 
0.00005500 
0.00008500 
0.00012000 
0.00020000 
CP 
CQ 
23.0 
25.0 
25.5 
26.5 
27.5 
29.0 
31.5 
32.5 
35.0 
38.0 
40.0 
42.0 
44.0 
46.0 
49.0 
Table 3.10. CP data for 0.8 inMTX-114 aqueous solution with added ureas. 
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[Urea] 
(M) 
CP (°C) 
U MU DMU TMU ThU DMThU 
0.000 
0.090 
0.103 
0.118 
0.120 
0.138 
0.145 
0.165 
0.180 
0.206 
0.218 
0.220 
0.250 
0.286 
0.290 
0.330 
0.360 
0.400 
0.436 
0.440 
0.457 
0.500 
0.530 
0.570 
0.600 
0.640 
23.0 23.0 
24.0 
26.0 
26.5 
27.5 
23.0 
24.0 
24.5 
25.5 
26.0 
27.0 
29.0 
23.0 
30.0 
30.0 
32.0 
34.0 
37.5 
42.5 
23.0 
23.5 
24.5 
25.5 
26.0 
27.5 
30.0 
34.0 
23.0 
24.5 
25.5 
26.0 
27.0 
29.0 
31.0 
34.0 
29.0 
0.660 
0.686 
0.725 
0.800 
0.960 
1.000 
1.200 
1.450 
1.780 
2.000 
2.280 
2.600 
3.200 
4.000 
-
-
23.5 
-
-
-
-
25.5 
25.0 
25.0 
27.0 
29.0 
33.5 
39.0 
-
29.5 
-
32.0 
35.5 
-
42.5 
-
-
-
-
-
-
-
31.5 
-
-
35.0 
-
41.0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
40.0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Table 3.11. CP data for 0.8 mM TX-114 aqueous solution with added sugars. 
89 
[Sugar] 
(M) 
0.000 
0.100 
0.200 
0.440 
0.570 
0.650 
0.710 
0.800 
0.909 
1.000 
Xylose 
23.0 
22.5 
20.5 
19.0 
18.5 
18.5 
18.0 
17.5 
16.5 
15.0 
Fructose 
23.0 
21.0 
19.5 
18.0 
17.5 
17.0 
16.0 
15.0 
14.5 
14.0 
CP 
Arabinose 
23.0 
20.5 
19.0 
18.0 
17.5 
17.0 
16.0 
15.0 
13.5 
13.0 
rc) 
Dextrose 
23.0 
22.0 
21.0 
18.0 
17.5 
17.0 
16.0 
15.0 
13.5 
12.5 
Mannose 
23.0 
21.5 
20.5 
18.0 
17.5 
17.0 
16.5 
15.5 
14.5 
14.0 
Sorbose 
23.0 
20.5 
19.5 
18.0 
17.5 
16.5 
16.0 
15.5 
14.5 
14.0 
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Table 3.13. CP data for 0.8 mM TX-114 aqueous solution with added cationic conventional 
surfactants. 
[TTAB] 
(10"^M) 
0.00 
1.09 
2.30 
2.80 
3.60 
4.20 
5.00 
6.30 
CP 
(°C) 
23.0 
23.0 
23.5 
24.5 
26.5 
31.0 
33.0 
38.0 
[CPC] 
(10"^  M) 
0.000 
0.348 
0.465 
0.700 
0.930 
0.018 
1.120 
1.240 
CP 
CQ 
23.0 
24.0 
25.5 
28.0 
35.0 
40.0 
46.0 
50.0 
[CPB] 
(10-* M) 
0.00 
0.31 
0.38 
0.52 
0.62 
0.77 
1.03 
1.24 
1.55 
2.06 
CP 
(°C) 
23.0 
24.0 
25.0 
26.0 
28.0 
30.0 
35.5 
38.0 
40.0 
72.0 
94 
Table 3.14. CP data for 0.8 mM TX-114 aqueous solution with added cationic gemini 
surfactants. 
[16-4-16] 
(10"^M) 
0.000 
3.315 
6.630 
9.950 
13.260 
16.575 
19.890 
CP 
ro 
23.0 
27.0 
29.0 
31.0 
33.5 
35.0 
37.0 
[16-6-16] 
(10-'M) 
0.00 
3.28 
6.56 
9.84 
13.12 
CP 
CC) 
23.0 
27.0 
30.0 
39.0 
46.0 
95 
Table 3.15. CP data for 0.8 mM TX-114 aqueous solution with added anionic surfactants. 
[SDS] 
(10"^  M) 
0.000 
0.068 
0.090 
0.135 
0.270 
0.360 
0.540 
1.080 
1.450 
1.940 
2.480 
3.460 
4.380 
CP 
ro 
23.0 
22.5 
23.5 
24.5 
26.0 
27.0 
28.5 
30.0 
31.0 
32.5 
33.0 
34.0 
35.0 
[SDBS] 
(10-^ M) 
0.000 
0.034 
0.068 
0.100 
0.200 
0.410 
0.500 
0.580 
0.700 
0.875 
CP 
CO 
23.0 
22.5 
24.5 
26.0 
28.0 
29.5 
30.5 
31.5 
32.0 
33.0 
96 
Table 3.16. CP data for 0.8 mM TX-114 aqueous solution with added nonionic surfactants. 
[TX-lOO] 
(IO"^M) 
0.0000 
0.0058 
0.0115 
0.0230 
0.0350 
0.0700 
0.1400 
0.2000 
0.3300 
0.5000 
1.0000 
1.4250 
2.1400 
2.8500 
4.2750 
CP 
CO 
23.0 
23.5 
25.0 
28.5 
31.0 
33.5 
37.0 
40.5 
42.5 
45.5 
53.0 
57.0 
61.0 
63.5 
66.0 
[Tween-20] 
(10-^  M) 
0.0000 
0.0010 
0.0140 
0.0175 
0.2300 
0.0350 
0.0700 
0.1000 
0.1660 
0.2500 
0.5000 
0.6600 
1.0000 
1.3300 
CP 
CO 
23.0 
24.0 
25.5. 
28.5 
30.5 
33.0 
38.5 
41.0 
47.0 
51.0 
60.0 
64.0 
69.0 
72.0 
97 
Table 3.17. CP data for 0.8 mM TX-114 aqueous solution with added polymers 
(polyethylene glycol PEG). 
[PEG-
200] 
(Vol %) 
0.00 
0.66 
l.IO 
1.65 
2.20 
3.30 
4.00 
5.00 
6.70 
8.30 
CP 
CQ 
23.0 
21.5 
20.5 
19.0 
18.0 
17.0 
16.5 
16.0 
15.5 
15.0 
[PEG-
300] 
(Vol %) 
0.000 
0.625 
0.800 
1.250 
2.500 
3.300 
3.800 
4.300 
5.000 
CP 
CQ 
23.0 
22.0 
21.0 
20.0 
18.0 
17.0 
16.0 
15.0 
14.0 
[PEG-
600] 
(Vol %) 
0.000 
0.420 
0.625 
0.830 
1.250 
2.500 
3.100 
3.600 
CP 
CQ 
23.0 
21.0 
19.5 
18.5 
17.5 
16.0 
15.0 
14.0 
[PEG-
1000] 
(Vol %) 
0.00 
0.66 
1.00 
2.00 
2.50 
2.86 
3.00 
3.33 
3.70 
4.00 
CP 
CQ 
23 
21.5 
20.5 
18.5 
17.0 
15.5 
14.5 
13.0 
12.0 
10.5 
98 
Table 3.18. CP data for 0.8 mM TX-114 aqueous solution with added polymers (polyvinyl 
pyyrolidon PVP). 
[K-15] 
(Wt. %) 
0.00 
6.66 
7.10 
7.70 
8.30 
9.10 
10.0 
CP 
rc) 
23.0 
23.0 
23.5 
24.5 
25.0 
26.0 
27.0 
[K-25] 
(Wt. %) 
0.00 
1.66 
2.00 
2.50 
2.86 
3.30 
3.57 
4.00 
CP 
rc) 
23 
22.5 
21.5 
20.0 
18.0 
15.5 
14.5 
13.0 
[K-30] 
(Wt. %) 
0.00 
1.25 
1.43 
1.66 
2.00 
2.20 
2.50 
2.86 
3.33 
4.00 
CP 
rc) 
23.0 
22.5 
22.0 
21.0 
20.0 
19.5 
18.5 
16.0 
14.0 
12.5 
[K-90] 
(Wt. %) 
0.00 
2.50 
2.63 
2.86 
3.13 
3.33 
CP 
CO 
23 
22.5 
20.0 
18.0 
15.5 
14.0 
99 
Table 3.19. The energetic parameters for clouding in 0.80 mM TX-114 + additive 
systems. 
Additives 
Pure TX-114 
TBuAB 
Mole fraction 
of the additive 
7.2x10' 
9.8x10"^  
10.7x10"^ 
12.5x10-^  
14.2 xlO-^  
17.7x10-^  
26.3x10-^ 
34.7x10-^ 
0.09x10"^ 
0.1x10"^ 
0.2x10"^ 
0.3x10"^ 
0.4x10-^  
0.5x10'^  
0.6x10'^  
0.7x10-^ 
0.8x10"^ 
0.9x10"^ 
0.9x10-^ 
1.1x10"^  
1.2x10"^  
1.2x10"^  
1.4x10"^  
1.4x10-^  
1.4x10'' 
1.5x10-^  
1.5x10-^  
1.6x10"^  
1.7x10-' 
1.8x10"^  
1.9x10-' 
2.0x10-' 
2.2x10-' 
AGs°/kJ mor' 
-12.0 
-11.3 
-11.1 
-10.7 
-10.5 
-10.0 
-9.0 
-8.4 
-22.9 
-21.3 
-20.3 
-19.6 
-19.1 
-18.8 
-18.5 
-18.1 
-18.0 
-17.6 
-17.8 
-17.4 
-17.3 
-17.4 
-17.1 
-17.1 
-17.2 
-17.1 
-17.1 
-17.1 
-17.0 
-17.0 
-17.0 
-17.0 
-17.3 
AHs°/kJ mor' 
-103.1 
-706.7 
-272.7 
-27.5 
TASs°/kJ mor' 
-91.1 
-91.8 
-92.0 
-92.4 
-92.5 
-93.1 
-697.7 
-698.3 
-249.8 
-251.4 
-252.4 
-253.1 
-253.6 
-253.9 
-9.0 
-9.4 
-9.5 
-9.9 
-9.7 
-10.1 
-10.2 
-10.1 
-10.4 
-10.4 
-10.3 
-10.4 
-10.4 
-10.4 
-10.5 
-10.5 
-10.5 
-10.5 
-10.2 
100 
TPeAB 
Ta>PhB 
TBuPhB 
PrOsPhB 
0.09 xlO^ 
0.2x10-^ 
0.5x10"* 
0.9x10-^ 
1,44x10-^ 
1.8x10-^ 
3.6 xlO"* 
0.09x10"^ 
0.1 xlO"^  
0.2x10"^ 
0.5x10"^ 
0.9x10-^ 
1.8x10-^ 
2.5x10'^ 
3.6x10'^ 
4.5x10'* 
0.9x10"* 
1.8x10"* 
2.7 xlO"* 
3.6x10"* 
4.5x10"* 
5.4x10"* 
6.3x10"* 
7.2x10"* 
8.1 xlO"* 
9.0x10"* 
0.3 xlO-* 
0.5x10-* 
0.9x10* 
1.8x10* 
3.6x10* 
7.2x10-* 
8.1 xlO* 
9.0x10* 
-28.7 
-27.1 
-25.1 
-24.3 
-23.9 
-23.6 
-23.0 
-34.3 
-33.3 
-32.9 
-31.1 
-30.1 
-28.9 
-28.4 
-28.0 
-27.7 
-22.9 
-21.4 
-20.5 
-19.9 
-19.5 
-19.1 
-18.8 
-18.7 
-18.6 
-18.5 
-30.9 
-30.4 
-28.9 
-27.6 
-26.1 
-24.6 
-24.3 
-24.3 
-57.3 
-84.7 
-22.7 
-38.0 
-15.2 
-28.6 
-30.2 
-32.2 
-33.0 
-33.4 
-33.7 
-34.3 
-50.4 
-51.4 
-51.8 
-53.6 
-54.6 
-56.8 
-56.3 
-56.7 
-57.0 
0.2 
-1.3 
-2.2 
-2.8 
-18.5 
-18.9 
-19.2 
-19.3 
-19.4 
-19.5 
15.7 
15.2 
13.7 
12.4 
10.9 
9.4 
9.1 
9.1 
C4OH 9.9x10" -11.3 17.9 29.2 
101 
CsOH 
CfiOH 
C7OH 
10.4 xlO"' 
10.7 xlO-^  
11.2x10-^ 
11.7x10-
12.2 xlO'-
13.5 xlO-
,-3 1.3 xlO 
1.6x10'^ 
1.9x10-^ 
2.2 xlO-^  
2.3 xlO-^  
2.5 xlO'-
2.7 xlO"-
2.9 xlO-
3.3 xlO-
2.1 XlO"* 
2.3x10"' 
2.5 xlO"' 
2.6x10 
2.7 xlO-" 
2.8 xlO" 
3.0x10" 
,-4 
0.2 xlO"* 
0.3 xlO"* 
0.4 xlO"* 
0.6 xlO"* 
0.9 xlO"* 
1.0 xlO"* 
1.2x10"* 
1.3x10"* 
1.4x10"* 
1.6x10"* 
1.8x10"* 
2.0 xlO"* 
2.3 xlO"* 
CgOH 3.7 xlO -5 
-11.1 
-11.0 
-10.8 
-10.7 
-10.5 
-10.2 
-16.3 
-15.7 
-15.2 
-14.8 
-14.6 
-14.4 
-14.1 
-13.9 
-13.7 
-20.8 
-20.5 
-20.1 
-19.8 
-19.7 
-19.4 
-19.2 
-26.3 
-25.6 
-24.5 
-23.8 
-22.7 
-22.3 
-21.9 
-21.5 
-21.3 
-20.9 
-20.7 
-20.2 
-19.8 
-25.1 
80.0 
22.2 
21.8 
79.5 
21.8 
29.0 
28.9 
28.7 
28.6 
28.4 
28.1 
96.3 
95.7 
95.2 
94.8 
94.6 
94.4 
94.1 
93.9 
93.7 
43.0 
42.7 
42.3 
42.0 
41.9 
41.6 
41.4 
48.1 
47.4 
46.3 
45.6 
44.5 
44.1 
43.7 
43.3 
100.8 
100.4 
100.2 
99.7 
99.3 
46.9 
102 
3.9x10" 
4.5 xlO"' 
4.7 xlO 
4.9x10' 
5.0x10 
5.3 xlO'-
,-5 
-5 
-24.9 
-24.6 
-24.4 
-24.0 
-23.8 
-23.5 
14.3 
46.7 
38.9 
38.7 
38.3 
38.1 
37.8 
C6NH2 6.6x10-^ 
7.2x10"* 
7.5 xlO"* 
8.0x10-* 
8.5 xlO"* 
9.1 xlO"* 
10.2 xlO"* 
11.0x10"* 
12.0 xlO"* 
•18.0 
-17.8 
-17.6 
-17.4 
-17.1 
-16.8 
-16.5 
-16.2 
-15.8 
32.7 50.7 
50.5 
50.3 
50.1 
49.8 
49.5 
49.2 
48.9 
48.5 
C7NH2 1.4x10-^ 
1.7x10"* 
1.8x10"* 
1.9x10"* 
2.1 xlO"* 
2.1 xlO"* 
2.3 xlO"* 
2.3 xlO-'* 
2.5 xlO"* 
-21.7 
-21.4 
-21.0 
-20.8 
-20.4 
-20.5 
-20.0 
-20.2 
-19.8 
10.4 
25.4 
32.1 
31.8 
31.4 
46.2 
45.8 
45.9 
45.4 
45.6 
45.2 
C8NH2 5.3 xlO-
5.6x10-
5.9x10-
6.3 xlO"' 
6.7 xlO' 
7.0 xlO' 
7.3 xlO-' 
7.5 xlO' 
8.5 xlO"' 
-24.2 
-24.0 
-23.8 
-23.6 
-23.3 
-23.1 
-22.9 
-22.7 
-22.2 
29.5 53.7 
53.5 
53.3 
53.1 
52.8 
52.6 
52.4 
52.2 
51.7 
TTAB 3.4x10 
4.0x10"' 
5.0x10-' 
r8 
-42.3 
-41.9 
-41.5 
-117.2 -74.9 
-75.3 
-75.7 
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CPC 
CPB 
16-4-16 
16-6-16 
SDS 
6.4x10* 
7.5x10'* 
9.0x10"* 
11.4x10"* 
0.6x10* 
0.8x10"* 
1.2x10* 
1.7x10* 
1.8x10* 
2.0x10* 
2.2x10"* 
0.6x10* 
0.6x10* 
0.9x10* 
1.2x10"* 
1.3x10* 
1.9x10* 
2.2x10* 
2.8x10* 
0.6x10* 
1.2x10* 
1.8x10* 
2.3x10"* 
2.9x10* 
3.5x10* 
0.6x10* 
1.2x10* 
1.8x10* 
2.3x10"* 
0.1x10* 
0.16x10* 
0.2x10* 
0.5x10* 
0.6x10"* 
0.9x10'* 
-41.2 
-41.4 
-41.3 
-41.3 
-46.6 
-46.1 
-45.5 
-45.8 
-46.3 
-47.0 
-47.3 
-46.6 
-46.9 
-45.9 
-45.8 
-45.6 
-45.6 
-45.6 
-45.2 
-47.3 
-45.8 
-45.1 
-44.7 
-44.4 
-44.2 
-47.2 
-46.0 
-46.3 
-46.5 
-50.4 
-49.9 
-49.0 
-47.6 
-47.0 
-46.2 
-43.9 
-129.2 
•15.4 
•130.8 
-53.0 
-132.2 
-51.8 
-255.9 
-76.0 
-2.5 
-2.6 
-2.6 
-82.6 
-83.1 
-83.7 
30.4 
30.9 
31.6 
31,9 
-84.2 
-83.9 
-84.9 
-85.0 
-7.4 
-7.4 
-7.4 
-7.8 
-84.9 
-86.4 
-87.1 
-87.5 
-87.8 
-88.0 
-4.6 
-5.8 
-5.5 
-5.3 
-205.5 
-206.0 
-206.9 
-208.3 
-208.9 
-209.7 
104 
1.9x10"** 
2.6x10* 
3.5x10"* 
4.4x10'* 
6.2x10"* 
7.9x10* 
-44.8 
-44.2 
-43.6 
-43.1 
-42.3 
-41.9 
-211.1 
-211.7 
-212.3 
-212.8 
-213.6 
-214.0 
SDBS •8 0.06x10 
0.1x10"' 
0.2x10"' 
0.3x10"' 
0.7x10 
0.9x10* 
1.0x10* 
1.2x10* 
1.6x10* 
1-8 
-52.1 
-50.7 
-50.0 
-48.7 
-47.1 
-46.8 
-46.6 
-46.1 
-45.2 
-238.7 •186.6 
-188.0 
-188.7 
-190.0 
-191.6 
-191.9 
-192.1 
-192.6 
•193.5 
TX-lOO ,-5 0.02x10 
0.04x10 
0.06x10"' 
0.1x10"^ 
0.1x10 
0.3x10"' 
0.4x10' 
0.6x10 
0.9x10"' 
1.8x10 
2.5x10"^ 
3.9x10"^ 
5.1x10"^ 
7.7x10"^ 
-5 
-5 
,-5 
1-5 
-38.2 
-36.8 
-36.1 
-34.6 
-39.5 
-33.2 
-32.6 
-31.5 
-30.7 
-29.6 
-29.0 
-28.2 
-27.6 
-26.7 
-120.6 -82.4 
-83.8 
-84.5 
-86.0 
-81.1 
-87.4 
-88.0 
-89.1 
-89.9 
-91.0 
-91.6 
-92.4 
-93.0 
-93.9 
Tween-20 
1-5 
0.03x10' 
0.04x10 
0.06x10'^ 
0.1x10"^ 
0.2x10'^  
0.2x10'^  
0.5x10"^ 
0.9x10"^ 
-38.1 
-37.1 
-36.3 
-35.2 
-33.8 
-34.5 
-33.2 
-32.1 
-85.1 -47.0 
-48.0 
-48.8 
-49.9 
-51.3 
-50.6 
-51.9 
-53.0 
105 
1.2x10-
1.8xl0' 
2.4xl0' 
-31.7 
-31.0 
-30.5 
-53.4 
-54.1 
-54.6 
106 
0.000 
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Figure 3.1. Variation of cloud point (CP) with concentration of TX-114 aqueous solution. 
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Figure 3.2. Variation of cloud point (CP) of 0.8 mM TX-U4 aqueous solution with the 
concentration of various quaternary salts. 
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Figure 3.6. Variation of cloud point (CP) of 0.8 mM TX-114 aqueous solution with the 
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Figure 3.10. Variation of cloud point (CP) of 0.8 mM TX-114 aqueous solution with the 
concentration of various ureas. 
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Figure 3.11. Variation of cloud point (CP) of TX-114 aqueous solution with the concentration 
of various sugars. 
alanine 
proline 
aspartic actd 
histidine 
phenylalanine 
leucine 
Isoeucine 
methionine 
tryptophan 
>— glutamine 
glycine 
threonine 
serine 
asparagine 
0.06 0.08 
[Amino acids] (M) 
0.10 
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Figure 3.13. Variation of cloud point (CP) of 0.8 mM TX-114 aqueous solution with the 
concentration of various cationic conventional surfactants. 
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Figure 3.15. Variation of cloud point (CP) of 0.8 mM TX-114 aqueous solution with the 
concentration of various anionic surfactants. 
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Figure 3.16. Variation of cloud point (CP) of 0.8 mM TX-114 aqueous solution with the 
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114 
24 
22 
20 
O 18 
o 16. 
7T U O 
12-
10-
PEG-200 
-PEG-300 
PEG-600 
PEG-1000 
T 
- r 2 4 6 
[Polymers] (wt%) 
Figure 3.17. Variation of cloud point (CP) of 0.8 mM TX-114 aqueous solution with the 
concentration of various polymers. 
25 
§.0 
•3 
T • • 
^r. 0 
. . . , . . . T . . 
- • - P V P K - 1 5 
-T-PVPK-25 
- A - PVP K-30 
-O-PVPK-90 
. , — , ,. _ j 
g 10 
[Polyjners] (wt %) 
Figure 3.18. Variation of cloud point (CP) of 0.8 mM TX-114 aqueous solution with the 
concentration of various polymers. 
m meet otJUUMyes on the Clout 
Pelntef0.8mMn-ll4+80mM 
TBuMB S]fstem 
115 
Introduction 
Aqueous micellar solutions of nonionic surfactants are strongly affected by 
temperature and concentration. The isotropic single micellar solution separates into a 
diluted and a concentrated micellar solution when the temperature is raised to CP. The 
causes of the clouding phenomenon have been discussed by some authors [1, 2] and 
the clouding seems to be the result of the change in balance of the hydrophilic and 
hydrophobic interactions. Thus, the cloud point is extremely sensitive to the 
interactions in the system. 
Although the cloud point of a nonionic surfactant is determined 
basically by its molecular structure [3-5], it is strongly affected by presence of a 
variety of additives (as seen in Part A). Effects of various additives, such as inorganic 
electrolytes [6,7], ionic surfactants [8], alcohols [9] and oil-field performance 
chemicals [10] on the cloud point temperatures of nonionic surfactants have been 
investigated. The cloud point of a nonionic surfactant is also a function of its own 
concentration [11]. 
The critical micelle concentration (cmc) of nonionic TX-114 is 0.20 mM [12]. 
In the absence of any additive, its CP is strongly dependent on [TX-114] [11, 13]. The 
CP of 0.8 mM TX-114 + 80 mM TBuAB system is about 41° C (whereas the CP of 
0.8 mM TX-114 aqueous solution is 23° C), which provides a broad temperature range 
to see the effect of additives on CP. Therefore, the effect of additives on this system 
were studied with the view point that the results are expected to broaden the spectrum 
of CP extraction methodologies. 
16 
Results and Discussion 
The results of the effect of additives on the CP of TX-114 are given in Tables 
3.20-3.34. CP of TX-114 in low concentration range is highly sensitive to the 
surfactant concentration, showing a minimum at 0.4 mM TX-114 (CP ~ 19°C) (shown 
in Figure 3.1). However, at high concentrations, the CP remains more or less constant. 
As already pointed out, addition of 80 mM TBuAB to 0.8 mM TX-114 solution 
increases the CP from 23 to 41 ° C. 
Clouding is the expression of the solvation/desolvation equilibrium in micellar 
solutions. Therefore, the effect of additives depends on how they change this 
equilibrium. Effect of water soluble compoimds can be explained by taking into 
consideration their influence on water-structure. However, effect of additives less 
soluble in water can be explained by considering their effect on packing properties of 
the micelles. 
In this part, the effect of all additives which are taken into account in Chapter 
111(A) have been mvestigated on 0.8 mM TX-114 + 80 mM TBuAB system. With 
TBuAB, most additives show sharp increase or decrease of CP. Mostly, all additives 
show similar trend of CP as given in part (A), except methanol, butanol, hydrocarbons 
and anionic surfactants. Without TBuAB, methanol increased the CP slightly (Figure 
3.4), while with TBuAB, CP remains constant (Figure 3.19). Butanol, without 
TBuAB, behaved like long chain alcohols and decreased the CP of 0.8 mM TX-114 
solution (Figure 3.5), while with TBuAB, it increases CP like other short chain 
alcohols (ethanol and propanol) as shown in Figure 3.19. 
Hydrocarbons affect the CP in a way which depends upon their chain length. 
Without TBuAB, hexane showed slow increase (from 23 to 26° C), while heptane 
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showed slightly higher CP. Decane showed sharp increase of CP of 0.8 mM TX-114 
solution (Figure 3.9). As shown in Figure 3.24, however, with hexane, CP shows a 
slow decrease, and then a small increase. With heptane, a sharp decrease and increase 
is observed. As the chain length of hydrocarbon increases from heptane to decane, the 
CP decreasing region disappears and continuous increase in CP is obtained. 
TBuAB forms mixed micelles with TX-114, with alkyl chains penetrating into 
the micelles. These penetrated chains of the salt create a region of low polarity in the 
interfacial region. The results can be explained by considering that, at low 
concentrations, hydrocarbon solubilizes in this low polarity interfacial region 
increasing aggregation number and causing micelle dehydration. However, at higher 
concentrations, core solubilization takes place which results in swollen micelles. In 
such a situation, micelle size and aggregation number of micelles increases while 
micelle hydration remains unaffected or increase. Hence, CP first decreases and then 
increases slowly. Reckmans et al. [14] have determined fix>m fluorescence quenching 
study that octane, when added to sodium dodecylsulfate solution, increases the 
aggregation number slightly. As the chain length of hydrocarbon increases, interfacial 
solubilization decreases. The effect could be understood in the light of the fact that for 
equal interfacial volume available for each hydrocarbon, more number of hexane 
molecules would be solubilized in the head group region due to its lower molar 
volume [15]. 
Figvire 3.30 shows the effect of anionic surfactants on the variation of CP of 
0.8 mM TX-114 + 80 mM TBuAB system. The results of CP with and without 
TBuAB are opposite to each other (see Figure 3.15). In the absence of TBuAB, CP 
increased with the addition of surfactants. On the other hand, in presence of TBuAB, 
CP decreases with the increase in concentration of the added surfactant in lower 
18 
region, the decrease being sharper with SDBS (Figure 3.30). However, when the 
concentration of the additives cross their cmc values, the CP becomes nearly constant. 
When an anionic surfactant is added to (TX-114 + TBuAB) system, it decreases the 
positive charge (due to the presence of TBuA* ions) of the micelles and also increase 
the hydrophobicity of the micelles: these two factors are prerequisite for clouding 
phenomenon. Therefore, the already existing CP of (TX-114 + TBuAB) system 
decreases with the addition of these surfactants. When the concentration of 
SDS/SDBS increases above their cmc values, the surfactants start aggregating into 
micelles and their contribution towards mixed micellization becomes less and CP 
acquires near constant value. 
In cationic and nonionic surfactants, the trend of CP change is the same, i.e., 
CP increases with the increase in surfactant concentration. 
Thermodynamics 
Considering the clouding phenomenon as an equilibrium process, 
thermodynamic parameters for clouding are estimated using relations (3.1) - (3.3). 
The calculated values for TX-114 + TBuAB + additive systems are given in Table 
3.35. TASs values for all additives are positive (except for nonionic surfactants and 
16-6-16 at all concentrations). For TTAB, CPB, CPC, 16-4-16, the TASs° values are 
positive only at high concentrations. This indicates that at high additive concentration 
randomness of the system increases with increase in concentration and the value of 
o 
TASs becomes more positive. 
19 
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Table 3.20. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
alcohols. 
[C,OH] 
(M) 
0.000 
0.100 
0.200 
0.300 
0.400 
0.588 
CP 
rc) 
41.0 
41.5 
41.5 
41.5 
41.0 
41.5 
[C2OH] 
(M) 
0.000 
0.080 
0.100 
0.150 
0.200 
0.263 
0.342 
0.428 
CP 
CO 
41.0 
43.5 
44.0 
45.5 
47.5 
50.0 
51.0 
54.5 
[C3OH] 
(M) 
0.000 
0.050 
0.080 
0.100 
0.150 
0.165 
0.180 
0.198 
CP 
CC) 
41.0 
43.0 
46.0 
48.0 
51.5 
53.0 
55.0 
56.5 
[C4OH] 
(M) 
0.000 
0.050 
0.080 
0.100 
0.130 
0.142 
0.156 
CP 
CQ 
41.0 
44.5 
48.0 
49.0 
51.0 
52.5 
53.5 
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Table 3.21. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
alcohols. 
[C50H] 
(M) 
0.000 
0.010 
0.020 
0.030 
0.050 
0.075 
0.100 
0.122 
CP 
rc) 
41.0 
39.0 
36.5 
35.5 
31.0 
25.5 
24.0 
19.1 
[CfiOH] 
(M) 
0.0000 
0.0025 
0.0050 
0.0075 
0.0100 
0.0125 
0.0158 
CP 
ro 
41.0 
40.0 
36.0 
34.0 
30.5 
26.0 
22.0 
[C7OH] 
(M) 
0.0000 
0.0005 
0.0012 
0.0014 
0.0015 
0.0020 
0.0030 
0.0035 
CP 
ro 
41.0 
40.0 
32.0 
30.5 
30.0 
25.5 
19.0 
15.5 
[CgOH] 
(M) 
0.000000 
0.000050 
0.000100 
0.000200 
0.000300 
0.000400 
0.000500 
0.000614 
CP 
CO 
41.0 
40.0 
37.0 
32.0 
29.5 
26.5 
24.0 
22.0 
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Table 3.22. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
amines. 
[C2NH2] 
(M) 
0.000 
0.025 
0.050 
0.100 
0.150 
0.200 
0.250 
0.311 
0.332 
CP 
CC) 
41.0 
44.0 
45.0 
45.5 
46.5 
47.5 
49.5 
53.5 
53.5 
[C3NH2] 
(M) 
0.000 
0.025 
0.050 
0.075 
0.100 
0.140 
0.160 
0.180 
0.200 
0.212 
0.225 
0.240 
CP 
CC) 
41.0 
45.0 
46.0 
48.0 
49.5 
52.5 
54.0 
56.0 
57.5 
58.5 
60.0 
62.0 
[C4NH2] 
(M) 
0.000 
0.100 
0.025 
0.050 
0.100 
0.124 
0.138 
0.154 
0.165 
CP 
CC) 
41.0 
44.5 
46.0 
47.5 
52.0 
53.5 
54.5 
56.0 
56.0 
[C5NH2] 
(M) 
0.000 
0.020 
0.040 
0.060 
0.068 
0.076 
0.085 
0.094 
0.099 
0.106 
0.113 
CP 
CC) 
41.0 
46.0 
49.0 
52.0 
53.5 
55.0 
57.0 
58.5 
59.0 
61.0 
65.0 
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Table 3.23. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
amines. 
[C6NH2] 
(M) 
0.0000 
0.0015 
0.0029 
0.0037 
0.0048 
0.0058 
0.0073 
0.0082 
0.0092 
0.0105 
0.0118 
0.0130 
0.0147 
0.0164 
0.0184 
0.0210 
0.0245 
0.0273 
0.0335 
0.0368 
CP 
rc) 
41.0 
41.0 
41.0 
41.0 
40.0 
40.0 
39.5 
38.5 
37.5 
37.0 
36.5 
36.0 
35.5 
34.0 
33.0 
32.0 
30.0 
30.5 
31.5 
30.0 
[C7NH2] 
(M) 
0.0000 
0.0041 
0.0047 
0.0054 
0.0065 
0.0082 
0.0091 
0.0103 
0.0109 
0.0117 
0.0126 
0.0136 
0.0149 
0.0164 
CP 
(°C) 
41.0 
41.0 
41.0 
40.5 
39.5 
37.5 
37.0 
35.5 
34.0 
33.0 
31.5 
30.0 
28.0 
26.0 
[C8NH2] 
(M) 
0.0000 
0.0017 
0.0020 
0.0024 
0.0026 
0.0030 
0.0040 
CP 
(T) 
41.0 
32.0 
29.5 
25.0 
23.5 
21.0 
11.0 
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Table 3.24. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
alcohols. 
[Ethanediol] 
(M) 
0.000 
0.050 
0.080 
0.100 
0.169 
0.211 
0.282 
0.338 
0.422 
0.563 
CP 
rc) 
41.0 
39.5 
39.5 
39.5 
41.0 
41.0 
40.5 
40.0 
39.0 
38.0 
[Propanediol] 
(M) 
0.000 
0.050 
0.080 
0.104 
0.130 
0.173 
0.207 
0.258 
0.345 
CP 
rc) 
41.0 
41.0 
41.0 
41.0 
41.0 
42.5 
43.5 
45.0 
46.5 
[Cyclopentanol] 
(M) 
0.00000 
0.00025 
0.00050 
0.00100 
0.00200 
0.00400 
0.00600 
0.00800 
0.01000 
0.01200 
0.01620 
CP 
ro 
41.0 
41.0 
40.5 
40.0 
38.0 
36.5 
34.5 
33.0 
31.0 
28.5 
25.5 
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Table 3.25. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
hydrocarbons. 
[Hexane] 
(M) 
0.0000 
0.0020 
0.0037 
0.0050 
0.0074 
0.0082 
0.0098 
0.0113 
0.0134 
0.0163 
0.0184 
0.0210 
0.0230 
0.0245 
CP 
rc) 
41.0 
41.0 
40.5 
59.5 
35.5 
35.0 
33.5 
33.0 
32.5 
30.5 
30.5 
31.0 
31.5 
32.0 
[Heptane] 
(M) 
0.0000 
0.0005 
0.0010 
0.0040 
0.0060 
0.0080 
0.0090 
0.0098 
0.0106 
0.0113 
CP 
CC) 
41.0 
41.0 
40.5 
35.0 
35.5 
37.5 
38.0 
38.5 
39.0 
39.0 
[Decane] 
(M) 
0.00000 
0.00005 
0.00010 
0.00020 
0.00040 
0.00060 
0.00080 
0.00100 
0.00121 
0.00127 
CP 
rc) 
41.0 
41.0 
41.0 
41.0 
44.5 
49.0 
51.0 
53.5 
55.5 
56.0 
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Table 3.26. CP datafor0.8mMTX-114 + 80mM TBuAB system with added 
ureas. 
[Urea] 
(M) 
0.000 
0.005 
0.010 
0.020 
0.030 
0.040 
0.050 
0.055 
0.062 
0.080 
0.100 
0.200 
0.220 
0.300 
0.400 
0.416 
0.450 
0.500 
0.550 
0.570 
0.600 
0.625 
0.660 
0.830 
1.250 
1.660 
2.000 
U 
41.0 
-
-
-
-
-
-
-
-
-
-
-
-
41.0 
-
41.5 
-
-
-
-
-
43.0 
-
44.5 
46. 
48.0 
50.0 
MU 
41.0 
-
-
-
-
-
-
-
-
-
42.0 
43.0 
-
45.0 
47.0 
-
-
48.5 
50.0 
-
51.5 
-
55.0 
-
-
-
-
CP (°C) 
DMU 
41.0 
-
-
-
-
-
41.5 
-
-
-
43.5 
47.0 
-
50.0 
52.0 
-
55.0 
56.0 
-
61.0 
-
-
-
-
-
-
-
TMU 
41.0 
-
-
41.5 
43.5 
46.0 
47.5 
48.5 
50.0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
ThU 
41.0 
-
41.5 
-
42.5 
-
43.5 
-
-
44.5 
46.0 
48.5 
-
55.0 
60.0 
-
-
64.0 
-
68.0 
-
-
-
-
-
-
-
DMThU 
41.0 
41.0 
42.5 
-
45.0 
-
48.5 
-
-
52.0 
54.0 
66.5 
70.0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
127 
Table 3.27. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
sugars. 
[Sugar] 
(M) 
0.000 
0.048 
0.050 
0.100 
0.300 
0.330 
0.500 
0.800 
1.000 
Xylose 
41.0 
-
40.5 
38.5 
-
37.0 
35.0 
30.0 
28.0 
Fructose 
41.0 
-
40.5 
38.5 
-
36.0 
34.0 
29.0 
27.0 
CP 
Arabinose 
41.0 
40.0 
-
38.5 
35.0 
-
30.5 
25.0 
21.5 
CO 
Dextrose 
41.0 
-
40.5 
38.5 
-
34.0 
31.0 
26.0 
24.0 
Maimose 
41.0 
-
40.5 
38.5 
-
36.0 
34.0 
30.0 
27.5 
Sorbose 
41.0 
40.5 
-
38.5 
36.0 
-
34.0 
29.5 
27.0 
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Table 3.29. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
cationic conventional surfactants. 
[TTAB] 
(IQ-^M) 
0.00 
0.50 
0.87 
1.00 
1.11 
1.25 
1.42 
1.54 
1.66 
CP 
fC) 
41.0 
41.0 
44.5 
46.0 
47.5 
48.0 
51.0 
53.0 
58.0 
[CPB] 
(lO-^M) 
0.00 
0.08 
0.10 
0.16 
0.19 
0.22 
0.25 
0.30 
0.33 
CP 
ro 
41.0 
42.5 
43.0 
46.0 
47.0 
49.0 
53.0 
57.0 
59.0 
[CPC] 
(10-^M) 
0.00 
0.20 
0.25 
0.34 
0.40 
0.46 
0.52 
0.58 
0.66 
0.71 
0.80 
CP 
CO 
41.0 
43 
44.5 
46.0 
47.5 
50.0 
53.0 
56.0 
57.0 
60.0 
67.0 
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Table 330. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
cationic gemini surfactants. 
[16-4-16] 
(IQ-^ M) 
0.00 
1.20 
1.66 
1.80 
2.00 
2.22 
2.44 
2.70 
CP 
rc) 
41.0 
41.0 
43.0 
44.0 
45.0 
48.0 
51.5 
55.0 
[16-6-16] 
(10-^ M) 
0.0 
0.15 
0.20 
0.28 
0.32 
0.36 
0.40 
0.45 
0.47 
CP 
CO 
41.0 
41.0 
43.0 
43.5 
45.0 
46.5 
48.5 
50.0 
51.0 
132 
Table 331. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
anionic surfactants. 
[SDS] 
(IQ-^M) 
0.0 
1.0 
3.3 
5.0 
6.0 
10.0 
13.3 
16.6 
20.0 
CP 
ro 
41.0 
41.0 
37.0 
35.0 
34.0 
33.6 
33.0 
33.0 
32.5 
[SDBS] 
(10-^M) 
0.0000 
0.0010 
0.0025 
0.0050 
0.0100 
0.0200 
0.0500 
0.1000 
0.2500 
0.5000 
1.0000 
2.0000 
3.0000 
5.0000 
CP 
CC) 
41 
37.0 
35.0 
34.0 
31.5 
30.0 
25.5 
21.0 
16.5 
14.0 
12.5 
12.5 
11.5 
11.0 
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Table 3.32. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
nonionic surfactants. 
[TX-lOO] 
(lO-^M) 
0.000 
0.020 
0.025 
0.050 
0.100 
0.128 
0.160 
0.200 
0.320 
0.426 
0.530 
CP 
CO 
41.0 
41.5 
42.5 
44.0 
48.0 
50.0 
53.0 
54.0 
59.0 
63.0 
66.0 
[Tween-20] 
(lO^M) 
0.0000 
0.0200 
0.0300 
0.0400 
0.0500 
0.0625 
0.0890 
0.1000 
CP 
CC) 
41.0 
41.5 
43.5 
44.5 
54.0 
57.0 
61.5 
63.0 
134 
Table 333. CP data for 0.8 mU TX-114 + 80 mM TBuAB system with added 
polymers (polyethylene glycol PEG). 
[PEG-
200] 
(Vol %) 
0.00 
4.72 
5.53 
6.65 
7.40 
8.35 
8.80 
9.30 
10.80 
CP 
rc) 
41.0 
41.0 
40.5 
39.5 
39.0 
38.5 
38.0 
37.0 
33.5 
[PEG-
300] 
(Vol %) 
0.00 
1.56 
1.80 
2.10 
2.60 
3.36 
4.70 
5.88 
7.84 
CP 
rc) 
41.0 
40.0 
39.0 
38.0 
37.5 
36.5 
35.0 
34.5 
29.0 
[PEG-
600] 
(Vol %) 
0.0000 
0.0063 
0.0095 
1.9000 
2.2800 
2.8500 
3.2600 
3.8000 
4.5600 
5.7100 
CP 
CQ 
41.0 
41.0 
39.5 
38.0 
37.0 
35.5 
33.5 
31.0 
30.0 
28.0 
[PEG-
1000] 
(Vol %) 
0.000 
1.050 
1.176 
1.330 
1.530 
1.818 
2.220 
2.860 
4.000 
5.000 
CP 
CO 
41.0 
40.5 
39.0 
38.0 
37.5 
36.0 
35.5 
34.5 
30.0 
28.5 
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Table 334. CP data for 0.8 mM TX-114 + 80 mM TBuAB system with added 
potymers (polyvinylpyiroUdon PVP). 
[K-15] 
(Wt. %) 
0.00 
4.85 
5.52 
6.41 
6.85 
7.40 
10.0 
CP 
rc) 
41.0 
41.0 
42.0 
43.0 
46.0 
49.0 
52.0 
[K-25] 
(Wt. %) 
0.000 
0.255 
0.306 
0.510 
0.765 
1.025 
1.530 
1.818 
2.220 
2.860 
3.330 
4.000 
5.000 
CP 
(°C) 
41.0 
40.0 
39.5 
38.5 
37.0 
36.5 
36.0 
35.0 
34.0 
31.0 
30.0 
29.0 
27.0 
[K-30] 
(Wt. %) 
0.000 
1.110 
1.250 
1.428 
1.660 
2.000 
2.500 
3.330 
4.000 
5.000 
CP 
CQ 
41.0 
40.0 
39.0 
38.5 
37.0 
36.0 
34.5 
30.0 
29.0 
28.0 
rK-90] 
(Wt. %) 
0.000 
0.233 
0.280 
0.466 
0.700 
0.939 
1.400 
1.420 
1.660 
2.000 
2.200 
2.500 
2.860 
3.330 
CP 
CQ 
41.0 
40.0 
39.5 
38.5 
37.0 
36.0 
36.0 
35.0 
34.0 
31.0 
30.0 
28.5 
27.0 
24.0 
136 
Table 3.35. The energetic parameters for clouding in 0.80 mM TX-114 + 80 mM 
TBuAB + additive systems. 
Additives Mole fraction AG°/kJ mol"' AH°/kJ mol'' TAS°/kJ mol' 
of additives 
C4OH 0.9x10' 4 8 J ^TIO 73 
6.5 
5.9 
5.3 
5.1 
4.9 
C5OH 0.2x10-^ -22.4 88.8 111.2 
109.2 
108.1 
106.5 
105.2 
104.4 
103.7 
CftOH 0.5x10-^ -26.1 73.9 100.0 
97.8 
96.7 
95.6 
94.8 
93.9 
C7OH 0.9x10-^ -30.2 57.0 87.2 
84.3 
83.7 
83.5 
82.4 
80.8 
80.2 
CgOH 0.09x10-^ -36.2 10.4 46.6 
44.5 
42.2 
40.9 
39.9 
39.1 
38.4 
1.4x10-^ 
1.8x10-^ 
2.3x10"^ 
2.5 xlO-^ 
2.8 xlO"^ 
0.3 xlO"^ 
0.5x10"^ 
0.9x10'^ 
1.3x10"^ 
1.8x10-^ 
2.2x10-^ 
 xlO
0.9x10"^ 
1.4x10"* 
LSxlO"* 
2.3 xlO"* 
2.8 xlO"* 
2.1 xlO-^ 
2.5x10-^ 
2.7x10-' 
3.6x10-' 
5.4x10"' 
6.3 x lO ' 
 xlO-'
0.2x10-' 
0.3 xlO"' 
0.5x10-' 
0.7 xlO-' 
0.9x10' 
1.1 x lO ' 
-1 .5 
-17.5 
-16.9 
-16.3 
-16.1 
-15.9 
-20.4 
-19.3 
-17.7 
-16.4 
-15.6 
-14.9 
-23.9 
-22.8 
-21.7 
-20.9 
-20.0 
-27.3 
-26.7 
-26.5 
-25.4 
-23.8 
-23.2 
-34.1 
-31.8 
-30.5 
-29.5 
-28.7 
-28.0 
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C6NH2 
C7NH2 
CsNHz 
0.7 xlO^ 
0.9 xlO"* 
1.1 xlO"* 
1.3x10-^ 
1.4x10-^ 
1.7x10"^ 
1.9x10"* 
2.1 xlO"* 
2.3 xlO"* 
2.64x10"' 
2.9 xlO"* 
3.3 xlO"* 
3.7x10"* 
4.4 xlO"* 
4.9 xlO"* 
5.5 xlO"* 
6.0 xlO"* 
6.6 xlO"* 
0.7 xlO"* 
0.8 xlO"* 
0.9x10"* 
1.1 xlO"* 
1.4x10"* 
1.6x10"* 
1.8x10"* 
1.9x10"* 
2.1 xlO"* 
2.3 xlO"* 
2.5 xlO"* 
2.6 xlO"* 
2.9 xlO"* 
3.0 xlO'^ 
3.6x10"' 
4.3 xlO-' 
4.8 xlO"' 
5.4 xlO'^ 
7.2 xlO"' 
-25.2 
-24.3 
-23.8 
-23.2 
-22.9 
-22.4 
-22.1 
-21.8 
-21.4 
-21.1 
-20.8 
-20.3 
-19.9 
-19.5 
-19.2 
-18.9 
-18.7 
-18.5 
-24.9 
-24.5 
-24.0 
-23.5 
-22.7 
-22.5 
-22.0 
-21.8 
-21.5 
-21.3 
-20.9 
-20.6 
-20.2 
-26.4 
-25.7 
-24.9 
-24.5 
-24.0 
-22.5 
12.9 38.1 
37.2 
36.7 
36.1 
35.8 
35.3 
35.0 
34.7 
34.3 
34.0 
33.7 
33.2 
32.8 
32.4 
32.1 
31.8 
31.6 
31.4 
14.3 39.2 
38.8 
38.3 
37.8 
40.3 63.0 
62.8 
62.3 
62.1 
61.8 
61.6 
61.2 
60.9 
60.5 
28.9 55.3 
54.6 
53.8 
53.4 
52.9 
51.4 
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TTAB 
CPC 
CPB 
16-4-16 
16-6-16 
0.9x10-^ 
1.5x10"^ 
1.8x10-^ 
1.9x10"^ 
2.2x10'^ 
2.6x10-^ 
2.8x10'^ 
2.9x10-* 
0.4x10-^ 
0.4x10"* 
0.6x10-^ 
O-VxlO"* 
0.8x10-* 
0.9x10-* 
1.0x10-* 
1.2x10' 
1.3x10 
1.4x10-* 
r6 
1.4x10 
1.8x10 
2.9x10 
3.4x10"' 
3.9x10-' 
4.5x10-' 
5.4x10-' 
5.9x10 -7 
2.2x10-" 
2.9x10-^ 
3.2x10'^ 
3.6x10-^ 
3.9x10'^ 
4.4x10-^ 
4.9x10-* 
2.7x10"' 
3.6x10-' 
5.0x10-' 
5.8x10-' 
6.5x10-' 
7.2x10-' 
8.1x10-' 
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Figure 3.19. Variation of cloud point (CP) in the system 0.8 mM TX-114 + 80 mM 
TBuAB with the concentration of various alcohols. 
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Figure 3.20. Variation of cloud point (CP) in the system 0.8 mM TX-114 + 80 mM 
TBuAB with the concentration of various alcohols. 
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Figure 3.22. Variation of cloud point (CP) in the system 0.8 mM TX-114 + 80 mM 
TBuAB with the concentration of various amines. 
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Figure 3.24. Variation of cloud point (CP) in the system 0.8 mM TX-114 + 80 mM 
TBuAB with the concentration of various hydrocarbons. 
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Figure 3.25. Variation of cloud point (CP) in the system 0.8 tiM TX-114 + 80 mM 
TBuAB with the concentration of various ureas. 
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Figure 3.26. Variation of cloud point (CP) in the system 0.8 mM TX-114 + 80 mM 
TBuAB with the concentration of various sugars. 
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Figure 3.27. Variation of cloud point (CP) in the system 0.8 mM TX-114 + 80 niM 
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Figure 3.28. Variation of cloud point (CP) in the system 0.8 mM TX-114 + 80 mM 
TBuAB with the concentration of various cationic conventional 
surfactants. 
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Figure 3.29. Variation of cloud point (CP) in the system 0.8 mM TX-114 + 80 mM 
TBuAB with the concentration of various cationic gemini surfactants. 
(Surfactants] (10'M) 
Figure 3.30. Variation of cloud point (CP) in the system 0.8 mM TX-114 + 80 mM 
TBuAB with the concentration of various anionic surfactants. 
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Figure 3.31. Variation of cloud point (CP) in the system 0.8 mM TX-114 + 80 mM 
TBuAB with the concentration of various nonionic surfactants. 
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Figure 3.32. Variation of cloud point (CP) in the system 0.8 mM TX-114 + 80 mM 
TBuAB with the concentration of various polymers. 
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Marfaus Suffaciants 
Introduction 
The term drug is derived from the French word 'Drogue' which means 'a dry 
herb'. According to definition of the World Health Organization, a drug is any 
substance or product that is used to modify or explore physiological systems or 
pathological states for the benefit of the recipient. In the context of medicine, it means 
a chemical used in the prevention, diagnosis or treatment of disease. 
The rising number of new pharmaceutical compounds with poor 
bioavailability and low aqueous solubility demands for the designing and 
development of drug delivery vehicles [1]. Inclusion complexes with cyclodextrin, 
micelles, microemulsions or liposome formulations are some of the methods used to 
increase the drug solubility [2-5]. Surfactant micelles have many advantages as drug 
carriers as they are easy to prepare on a large scale and they have long shelf-lives. 
Also, their size allows their extravasation and accumulation in a variety of 
pathological sites, where the permeability of the vascular endothelium is increased, 
such as tumors [6-8]. To avoid a rapid clearance a particle size < 200 nm is required 
for the drug carriers as opsonization is reduced for such small particles [9,10]. 
Mixed micelles are generally used in the pharmaceuticals, food and cosmetic 
industries, as mixed micelles show distinctive behavior in comparison with single-
surfactant systems. Often, these systems give better performance than the individual 
ones [11,12]. 
One of the most important properties of nonionic surfactants in general and 
ionic ones in special conditions is the clouding or phase separation phenomenon [IB-
IS]. The temperature at which a clear, single phase becomes a cloudy dispersion is 
known as the cloud point (CP). Above the CP, solutions spontaneously and reversibly 
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separate into two distinct phases; one phase is sxirfactant-rich and the other surfactant-
lean. 
Computer simulations have indicated that drugs partition and accumulate 
heterogeneously in the membrane [19, 20]. Their local concentrations may be much 
higher than in the bulk aqueous phase or even in the other regions in the lipid bilayer. 
As the value of the CP depends on the structure of the amphiphile, the presence of 
additives and the concentration of the amphiphile [13-18], it is essential to have a 
knowledge of clouding behaviour of amphiphilic drugs under varying conditions. 
Promethazine hydrochloride (PMT) — a phenothiazine, like many other 
antidepressant and phenothiazine drugs, show clouding in sodium phosphate buffer 
[21-23]. PMT is an antihistamine used for the symptomatic relief of hypersensitivity 
reactions. PMT possesses a rigid hydrophobic ring system and a hydrophilic amine 
portion. The pKa value of this drug is 9.1 [24] and the critical micellization 
concentration (cmc) of PMT is 44 mM [25]. 
For successful drug delivery, it is important that carriers retain the drug upto 
certain time upon administration. As increase in temperature induces clouding in the 
drug solution and drug-surfactant systems become unstable, it is necessary to have 
knowledge of CP behavior of drugs in presence of surfactants (which are often used 
as carriers). Keeping this in mind we have studied CP behavior of an amphiphilic 
phenothiazine drug, PMT, in presence of different classes of surfactants. In the 
present chapter, we report studies of CP variation of PMT in presence of different 
classes of surfactants like nonionic, anionic, cationic conventional and cationic 
geminis. In addition to this, effect of these additives is also studied on the CP of PMT 
containing tetrabutylammonium bromide (TBuAB). 
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Results and Discussion 
The nature of PMT molecule is pH dependent. At low pH values, the tertiary 
nitrogen atom acquires a positive charge whereas at high pH values it becomes 
neutral. At the pH used in this study, PMT exists in cationic form. 
Figure 4.1 depicts the variation of CP of PMT solutions with the addition of 
TBuAB. The CP of pure PMT (in buffer) comes out to be 31° C, which increases from 
31 to 41° C with the increase in concentration of added TBuAB from 0 to 0.1 M. 
Quaternary ammoniimi salts have a positive charge on the nitrogen atom and four 
hydrophobic alkyl chains, hence they are less hydrated and their hydration decreases 
with the increase in alkyl chain length [26, 27]. In aqueous solution, it dissociates into 
TBA"^  and Br" ions. The TBuA^ moiety with four butyl chains is very hydrophobic 
and usually forms mixed micelles with other amphiphiles [28]. 
As both PMT and TBuA* bear positive charge there would be an increased 
repulsion within the mixed micelles. The mixed micelles would be loose containing 
water between the charged head groups which increases with the increase in TBuAB 
concentration. Hence, CP increases. 
Figure 4.2 and 4.3 depicts the variation of CP of PMT solutions with the 
addition of cationic conventional and gemini surfactants respectively. The CP 
increase with the increase in concentration of cationic surfactants was found to be 
dependent upon the chain length of the conventional surfactants. As the 
concentrations used are above their cmcs, the svirfactants exist in the PMT solution as 
monomers, micelles and mixed micelles. Addition of CTAB, which is more 
hydrophobic in nature and form larger micelles, produces a higher CP. The presence 
of a counterion (Br or CI) also affects the CP. These counterions interact 
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electrostatically with the micelles. The shape and size of micelles depend upon the 
degree of counterion binding [29]. Ion binding increases with the decrease in hydrated 
radius of the ion. Hydrated radius of CI (3.32 A) is greater than that of Br (3.30A), 
therefore, binding will be stronger in case of Br. Hence, CP will increase more in Br 
presence, which is indeed observed. 
However, the magnitude of CP for CPB (or CPC) was lower than for CTAB, 
although they all have 16 carbon chain. The reason seems to be the presence of 
pyridinium ring in CPB and CPC. The 7i-eIectron clouds of these surfactants interact 
with positive head groups of PMT attractively decreasing the surface area occupied 
per PMT head group (ao), with a simultaneous increase in the Mitchell-Ninham 
parameter, Rp (= vo/aolc', VQ and Ic being the volume and chainlength of the PMT 
molecule) [30]. This results in micellar growth and hence CP increase is slower as 
compared to CTAB. 
The CP of PMT solutions also increase with addition of gemini surfactants 
(Figure 4.3). The gemini surfactants used here are of the type of 16-m-16. These 
surfactants contain two hydrophobic alkyl chains of 16 carbons linked through a 
hydrophobic polymethylene spacer -(CH2)m- (m=4-6) at - N T Me2-R head group. 
Among geminis, the CP increase is least with m=4 and most with m=6. These 
surfactants exist as mixed micelles or/and individual micelles in the solution. This 
will increase the repulsions within the micelles and hence CP increases. Increase in 
spacer chain length increases the surface charge and significantly influences the 
aggregation properties of these surfactants [31, 32]. Hence, CP increases more with 
16-6-16. 
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The results of similar experiments performed on PMT + TBuAB system are 
shown in Figures 4.4 and 4.5. The trend is same as for PMT + surfactant systems with 
the difference in the magnitude of CP. For the same surfactant concentration, the 
values of CP are greater for PMT + TBxiAB + surfactant systems. Presence of extra 
positive charge increases the intermicellar repulsions and hence CP increase is more. 
The CP variation in PMT + nonionic surfactant systems is shown in Figure 4.6 
CP increases with the addition of TX-lOO and TX-114; increase being more with TX-
100. Mixed micelles formed in presence of nonionic surfactants should experience 
less repulsion within them and the micelles should be more compact. As a result CP 
should decrease. However, we have obtained the opposite trend. These nonionic 
surfactants contain oxyethylene chains. Hence, these molecules are highly hydrated 
and when they form mixed micelles with PMT, the resulting micelles would contain 
more water as compared to pure PMT micelles. Therefore, this latter effect dominates 
and the CP increases. 
TX-100 contains 9-10 oxyethylene chains in a molecule while TX-114 
contains 7-8 chains. Therefore, TX-100 is more hydrophilic than TX-114 which 
results in higher increase in CP with TX-100 (the rate of increase being 3.6% and 
2.4% for TX-lOO and TX-114, respectively). 
Figure 4.7 presents the resiilts of variation of CP with the addition of nonionic 
surfactants (TX-lOO and TX-114) in PMT+ TBuAB system. CP increases in both the 
cases. Added TBuA^ ions give extra positive charge to the positively charged PMT 
micelles. This will cause an increase in interaggregate repulsions leading to loose 
micelles. Hence CP increases with a rate of increase greater in presence of TBuAB as 
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compared to the system without TBuAB (Figure 4.6). The rate of increase is 5.5% for 
TX-lOO and 4.7% for TX-114. 
Effect of anionic surfactants (SDS and SDBS) on CP of PMT solutions is 
shown in Figure 4.8 wherein a peaked behavior with the increase in concentration of 
added surfactants is observed. The CP first increases and after that decreases sharply. 
Anionic surfactants bear negative charge and CP should decrease with their addition. 
These surfactants, at low concentrations, form ion-pairs with PMT monomers and 
hinder micelle formation. Therefore, CP increases. However, above a certain 
concentration, these surfactants start forming mixed micelles with the drug. These 
surfactants contain long hydrophobic tails and charge opposite to that of the drug. 
Their intercalation between PMT monomers would affect the PMT micelles in two 
ways. Firstly, the hydrophobic tail would increase the "effective volume" of the 
hydrophobic part (i.e. vo) and secondly, the negative charge would decrease the 
repulsion among the positively charged heads of the drug molecules, decreasing the 
value of ao. Therefore, Rp value would increase and micelles formed would be 
compact. Hence CP decreases. 
It is clear from Figure 4.8 that both increase and decrease are faster with 
SDBS. The behavior can be explained on the basis of their relative basicity, which 
leads to the following hydrophilic ranking of the head groups [33] 
- C O O ' » -SO3" > -OSOj' 
Another difference in the two surfactant monomers is the presence of a 
benzene ring in SDBS molecule. As a phenyl ring is considered to be equivalent to 
three to four carbon atoms [34], the alkyl part is more hydrophobic in SDBS and this 
is reflected in lower cmc value for SDBS [35]. As a result, greater hydrophobic 
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interactions occur between PMT and SDBS molecules. Also, the presence of a 
benzene ring causes greater electrostatic interaction with cationic PMT molecules. 
The first factor dominates in lower concentration range and CP increases sharply with 
SDBS. However, after certain concentration, when CP starts decreasing, the second 
factor dominates and CP decrease is steeper with SDBS than with SDS. 
Figure 4.9 shows the effect of these anionic surfactants on the CP of PMT + 
TBuAB system. The trend is same as for Figure 4.8 with the difference in magnitude 
of CP. The behavior can be understood in the light of all the above discussion. The 
added TBuAB would impart extra positive charge to the PMT micelles and hence, CP 
increases. Also, presence of TBuA* increases the "effective hydrophobic volume" of 
the PMT + TBuA^ + surfactant mixed micelles and both Rp value and micelle size 
increase. This, in turn, causes a sharp decrease in CP. 
Thermodynamics 
The clouding components, at the CP, release their solvated water and separate 
out fi-om the solution. Considering CP as the limit of the solubility of the amphiphile, 
o 
the standard Gibbs energy of solubilization (AGs) can be evaluated from the equation 
AGs°=RTlnx (4.1) 
where x is the mole fractional solubility at the CP and other symbols have their usual 
meaning. 
The standard enthalpy and entropy of solubilization, AGs and TASs respectively 
were calculated using the relations 
d (AGsVT)/d(l/T) = AHs° (4.2) 
and 
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TASs° = AHs°-AGs' (4.3) 
The values of the energetic parameters are given in Tables 4.10 (for PMT + 
surfactant systems) and 4.11 (for PMT + TBuAB + surfactant systems). The AGs 
values come out to be negative showing parallelism with micelle formation. The AHs 
values are negative for all surfactants, at all concentrations except that SDS and SDBS 
have positive AHs° values at high concentrations and negative values for low 
concentrations. In most of the cases AGs /T vs. 1/T plots give two slopes giving 
twoAHs" values. In first, AHs° value is close to AGs while in second there is a large 
difference in both values. Hence, for first stage TASs is very small and for second 
stage TASs values are large. 
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Table 4.1. CP data for 75 mM PMT solution, prepared in 10 mM sodium 
phosphate buffer with added TBuAB. 
[TBuAB] CP 
(M) rc) 
0.0000 3L0 
0.0030 31.0 
0.0038 32.0 
0.0050 33.0 
0.0070 34.5 
0.0100 35.5 
0.0250 36.5 
0.0330 37.5 
0.0400 38.0 
0.0500 38.5 
0.0570 39.0 
0.0660 39.5 
0.0770 40.0 
0.0833 40.0 
0.0900 40.5 
0.1000 41.0 
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Table 4.2. CP data for 75 mM PMT solution, prepared in 10 mM sodium 
phosphate buffer with added cationic conventional surfactants. 
[CTAB] 
(10-^M) 
0.00 
0.50 
0.75 
1.50 
2.22 
2.86 
3.33 
3.57 
4.00 
4.55 
5.00 
CP 
ro 
31.0 
31.5 
33.0 
34.5 
36.0 
37.0 
38.0 
39.0 
41.0 
42.5 
43.0 
[TTAB] 
(10"^M) 
0.00 
1.00 
1.50 
3.00 
4.44 
5.70 
6.67 
7.14 
8.00 
9.09 
10.0 
CP 
CQ 
31.0 
32.0 
33.0 
34.5 
36.0 
37.0 
38.0 
39.0 
40.5 
41.5 
42.5 
[CPB] 
(10-^M) 
0.00 
0.83 
1.25 
2.50 
3.33 
5.00 
5.70 
6.67 
7.14 
7.69 
8.33 
9.09 
10.0 
CP 
TO 
31.0 
31.5 
33.5 
35.0 
36.5 
39.0 
40.0 
41.0 
42.0 
43.5 
44.5 
47.0 
48.5 
[CPC] 
(10-^M) 
0.00 
0.99 
1.48 
2.98 
4.25 
5.40 
6.25 
7.14 
7.69 
8.33 
9.09 
10.0 
CP 
CQ 
31.0 
31.5 
33.0 
35.0 
36.0 
37.5 
39.0 
40.0 
41.0 
42.5 
43.5 
45.0 
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Table 4.3. CP data for 75 mM PMT solution, prepared in 10 mM sodium 
phosphate buffer with added cationic gemini surfactants. 
[16-4-16] 
(10-^M) 
0.000 
0.786 
0.980 
1.180 
1.510 
1.770 
2.120 
2.650 
3.020 
3.530 
4.240 
5.300 
CP 
ro 
31.0 
31.0 
32.0 
33.0 
34.0 
35.0 
35.5 
37.5 
38.0 
39.0 
41.0 
43.0 
[16-5-16] 
(10-^M) 
0.000 
0.773 
0.966 
1.160 
1.490 
1.730 
2.080 
2.600 
2.970 
3.460 
4.160 
5.200 
CP 
CQ 
31.0 
31.5 
32.0 
33.5 
34.5 
35.5 
36.0 
38.5 
39.0 
40.0 
42.0 
45.0 
[16-6-16] 
(10-^M) 
0.000 
0.570 
0.760 
0.950 
1.140 
1.460 
1.700 
2.044 
2.550 
2.920 
3.400 
4.088 
5.110 
CP 
CQ 
31.0 
31.0 
32.0 
33.0 
34.0 
35.0 
36.0 
36.5 
38.5 
39.0 
40.5 
42.5 
46.0 
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Table 4.4. CP data for the system 75 mM PMT + 50 mM TBuAB, prepared in 10 
mM sodium phosphate buffer with added cationic conventional surfactants. 
[CTAB] 
(10"^M) 
0.000 
0.410 
0.625 
1.250 
1.660 
2.000 
2.500 
3.330 
4.000 
4.500 
5.000 
CP 
CC) 
38.5 
38.5 
39.0 
40.0 
41.5 
42.5 
43.5 
45.0 
45.5 
46.5 
48.5 
[TTAB] 
(10-^M) 
0.00 
0.88 
1.33 
2.66 
3.07 
3.63 
4.44 
5.70 
6.66 
8.00 
9.00 
10.0 
CP 
CQ 
38.5 
38.5 
39.5 
40.5 
42.0 
43.0 
44.0 
45.5 
46.0 
47.5 
49.0 
50.0 
[CPB] 
(10-^M) 
0.00 
0.88 
1.33 
2.66 
3.07 
3.63 
4.44 
5.50 
6.50 
7.70 
8.33 
9.00 
10.0 
CP 
CC) 
38.5 
39.0 
41.0 
42.5 
43.5 
44.5 
46.0 
47.0 
48.5 
50.5 
51.5 
52.5 
55.0 
[CPC] 
(IQ-^M) 
0.00 
0.88 
1.33 
2.66 
3.07 
3.63 
4.44 
5.50 
6.50 
7.70 
8.33 
9.00 
10.0 
CP 
CC) 
38.5 
38.5 
41.0 
42.0 
42.5 
44.0 
45.5 
46.5 
48.0 
49.5 
51.0 
52.0 
53.5 
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Table 4.5. CP data for the system 75 mM PMT + 50 mM TBuAB, prepared in 10 
mM sodium phosphate buffer with added cationic gemini surfactants. 
[16-4-16] 
(10"^M) 
0.000 
0.220 
0.266 
0.330 
0.440 
0.665 
1.330 
1.500 
1.760 
2.120 
2.650 
3.310 
3.930 
4.800 
5.300 
CP 
rc) 
38.5 
39.5 
41.0 
42.5 
43.5 
45.0 
46.0 
46.5 
47.5 
48.5 
49.0 
50.0 
51.5 
53.5 
55.0 
[16-5-16] 
(10-^M) 
0.000 
0.216 
0.260 
0.325 
0.430 
0.650 
1.300 
1.480 
1.730 
2.080 
2.600 
3.250 
3.850 
4.730 
5.200 
CP 
rc) 
38.5 
40.5 
41.5 
42.0 
43.0 
44.5 
45.5 
46.0 
47.5 
48.5 
49.5 
50.5 
52.5 
54.0 
56.5 
[16-6-16] 
(10-^M) 
0.000 
0.216 
0.260 
0.325 
0.430 
0.650 
1.300 
1.460 
1.700 
2.040 
2.600 
3.200 
3.780 
4.650 
5.110 
CP 
CO 
38.5 
41.5 
42.5 
43.0 
44.0 
45.0 
46.5 
47.5 
48.0 
49.0 
50.5 
51.5 
53.5 
55.0 
58.0 
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Table 4.6. CP data for 75 mM PMT solution, prepared in 10 mM sodium 
phosphate buffer with added nonionic surfactants. 
[TX-lOO] 
(lO-^M) 
0.000 
0.813 
0.976 
1.220 
1.620 
1.950 
2.440 
3.250 
4.060 
4.880 
5.250 
5.690 
6.200 
7.590 
8.550 
CP 
(°C) 
31.0 
31.5 
32.5 
33.5 
34.5 
36.0 
37.5 
40.0 
43.0 
45.5 
47.0 
49.5 
53.5 
70.0 
70.0 
[TX-114] 
(10-^M) 
0.000 
0.630 
0.788 
1.050 
1.580 
2.100 
3.150 
3.780 
4.200 
4.730 
5.400 
6.300 
7.580 
9.480 
CP 
CO 
31.0 
31.5 
32.5 
33.5 
34.5 
35.0 
38.0 
39.0 
40.0 
42.0 
43.0 
45.0 
47.5 
54.0 
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Table 4.7. CP data for the system 75 mM PMT + 50 mM TBuAB, prepared in 10 
mM sodium phosphate buffer with added nonionic surfactants. 
[TX-lOO] 
(10-^M) 
0.000 
0.050 
0.106 
0.212 
0.265 
0.350 
0.530 
1.060 
1.220 
1.430 
1.710 
2.140 
2.440 
2.850 
3.420 
4.280 
5.700 
CP 
ro 
38.5 
42.5 
44.0 
46.0 
47.0 
48.5 
49.5 
51.5 
53.0 
54.0 
55.0 
56.5 
57.5 
59.0 
61.5 
64.0 
69.5 
[TX-114] 
(10-^M) 
0.00 
0.59 
1.18 
1.35 
1.58 
1.89 
2.10 
2.37 
2.70 
3.16 
3.79 
4.74 
6.32 
CP 
rc) 
38.5 
39.5 
41.0 
42.0 
43.5 
45.0 
46.0 
47.0 
48.5 
49.5 
52.0 
56.0 
64.5 
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Table 4.8. CP data for 75 mM PMT solution, prepared in 10 mM sodium 
phosphate buffer with added anionic surfactants. 
[SDS] 
(lO'^M) 
0.000 
0.476 
0.697 
0.909 
1.110 
1.300 
2.000 
2.600 
3.330 
3.940 
4.440 
4.730 
5.000 
5.230 
5.500 
5.650 
6.000 
7.000 
7.700 
8.300 
9.000 
10.00 
CP 
ro 
31.0 
32.5 
33.5 
34.5 
35.0 
35.5 
37.0 
38.0 
39.5 
41.0 
38.5 
36.5 
35.5 
34.5 
33.0 
31.5 
31.0 
30.0 
29.0 
28.0 
25.5 
23.5 
[SDBS] 
(lO'^M) 
0.000 
0.238 
0.348 
0.455 
0.555 
0.652 
0.833 
1.154 
1.428 
1.660 
2.140 
2.500 
3.000 
4.500 
4.800 
CP 
ro 
31.0 
31.5 
32.5 
33.5 
34.0 
31.5 
31.0 
30.0 
29.5 
29.0 
28.5 
27.5 
26.5 
25.5 
24.5 
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Table 4.9. CP data for the system 75 mM PMT + 50 mM TBuAB, prepared in 10 
mM sodium phosphate buffer with added anionic surfactants. 
[SDS] 
(IQ-^M) 
0.000 
0.250 
0.286 
0.333 
0.400 
0.500 
0.667 
0.769 
0.830 
0.900 
1.000 
1.200 
1.400 
1.600 
2.000 
CP 
ro 
38.5 
38.5 
39.0 
41.5 
42.5 
44.0 
43.0 
41.5 
40.5 
39.5 
39.0 
38.5 
38.0 
37.0 
35.5 
[SDBS] 
(10-^M) 
0.000 
0.143 
0.166 
0.200 
0.250 
0.333 
0.400 
0.500 
0.625 
0.714 
0.833 
1.000 
CP 
m 
38.5 
38.5 
38.5 
39.0 
39.5 
41.0 
40.5 
39.5 
38.5 
38.0 
37.5 
37.0 
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Table 4.10. The energetic parameters for clouding in 75 mM PMT + additive 
systems. 
Additives Mole fraction AGs°/kJ mol'' AH^7kJmoP TAS7/kJmoF~ 
of the additive 
(W^ 
TBuAB 5.4 -24.8 -20.4 4.4 
3.9 
3.3 
2.5 
1.7 
-26.0 -6.2 
-6.9 
-7.3 
-7.8 
-8.2 
-8.5 
-8.9 
-9.1 
-9.3 
-9.5 
CTAB 0.9 -29.4 -26.9 2.5 
1.6 
-0.0 
-0.9 
-67.5 -42.1 
-42.3 
-42.4 
-42.6 
-42.8 
-43.1 
TTAB 1.8 -27.7 -34.4 -6.7 
-7.6 
-9.3 
-92.3 -68.0 
-68.7 
-68.9 
-69.0 
-69.3 
-69.5 
-69.7 
CPC 1.78 -27.7 -25.5 2.2 
1.3 
-0.3 
-1.2 
6.8 
9.0 
12.0 
18.0 
45.0 
59.3 
71.9 
89.9 
102.5 
118.6 
138.4 
149.7 
161.7 
179.6 
1.35 
2.7 
3.99 
5.15 
5.99 
6.42 
7.2 
8.2 
9.0 
2.7 
5.4 
7.99 
10.3 
12.0 
12.8 
14.4 
16.4 
18.0 
2.66 
5.36 
7.65 
-24.3 
-23.7 
-22.9 
-22.1 
-19.8 
-19.1 
-18.7 
-18.2 
-17.8 
-17.5 
-17.1 
-16.9 
-16.7 
-16.5 
-28.5 
-26.9 
-26.0 
-25.4 
-25.2 
-25.1 
-24.9 
-24.7 
-24.4 
-26.8 
-25.1 
-24.3 
-23.6 
-23.4 
-23.3 
-23.0 
-22.8 
-22.6 
-26.8 
-25.2 
-24.3 
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CPB 
16-4-16 
16-5-16 
16-6-16 
9.72 
11.2 
12.8 
13.8 
15.0 
16.4 
18.0 
1.49 
2.25 
4.5 
5.94 
9.0 
10.3 
12.0 
12.8 
13.8 
15.0 
16.4 
18.0 
1.41 
1.76 
2.12 
2.72 
3.18 
3.81 
4.77 
5.43 
6.35 
7.63 
9.54 
1.39 
1.74 
2.09 
2.68 
3.11 
3.74 
4.68 
5.34 
6.23 
7.66 
9.36 
1.03 
1.37 
1.71 
2.05 
-23.8 
-23.6 
-23.3 
-23.2 
-23.1 
-22.9 
-22.8 
-28.1 
-27.2 
-25.6 
-25.1 
-24.2 
-23.9 
-23.6 
-23.5 
-23.4 
-23.3 
-23.2 
-23.1 
-28.2 
-27.7 
-27.3 
-26.8 
-26.5 
-26.1 
-25.7 
-25.4 
-25.0 
-24.7 
-24.3 
-28.3 
-27.8 
-27.8 
-26.9 
-26.6 
-26.2 
-25.8 
-25.5 
-25.2 
-24.8 
-24.5 
-29.0 
-28.4 
-27.9 
-27.5 
-66.3 
-18.4 
-43.8 
-12.9 
-11.5 
-12.1 
-42.5 
-42.7 
-43.0 
-43.1 
-43.2 
-43.4 
-43.5 
9.7 
8.8 
7.2 
6.7 
5.8 
5.5 
-20.2 
-20.3 
-20.4 
-20.5 
-20.6 
-20.7 
15.3 
14.8 
14.4 
13.9 
13.6 
13.2 
12.8 
12.5 
12.1 
11.8 
11.4 
16.8 
16.3 
16.3 
15.4 
15.1 
14.7 
14.3 
14.0 
13.7 
13.3 
13.0 
!6.9 
16.3 
15.8 
15.4 
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TX-lOO 
TX-114 
SDS 
2.63 
3.06 
3.67 
4.59 
5.25 
6.12 
7.34 
9.19 
1.46 
1.76 
2.2 
2.91 
3.51 
4.39 
5.85 
7.3 
8.78 
9.45 
10.2 
11.2 
1.13 
1.33 
1.89 
2.84 
3.78 
5.67 
6.80 
7.56 
8.51 
9.72 
11.3 
13.6 
17.1 
0.856 
1.250 
1.640 
1.98 
3.6 
4.68 
5.99 
7.09 
7.99 
8.51 
9.0 
9.41 
9.9 
-27.0 
-26.7 
-26.3 
-25.8 
-25.6 
-25.3 
-24.9 
-24.6 
-28.2 
-27.8 
-27.3 
-26.7 
-26.3 
-25.9 
-25.4 
-25.0 
-24.7 
-24.6 
-24.6 
-24.7 
-28.8 
-28.5 
-27.7 
-26.8 
-26.1 
-25.3 
-24.9 
-24.7 
-24.6 
-24.2 
-24.0 
-23.7 
-23.6 
-29.6 
-28.8 
-28.1 
-27.7 
-26.3 
-25.7 
-25.2 
-24.8 
-24.6 
-24.2 
-23.9 
-23.7 
-23.5 
-17.9 
-56.0 
-27.0 
-57.6 
-25.5 
20.5 
14.9 
14.6 
14.2 
13.7 
13.5 
13.2 
12.8 
12.5 
10.3 
9.9 
9.4 
8.8 
-29.7 
-30.1 
-31.6 
-31.0 
-31.3 
-31.4 
-31.4 
-31.3 
1.8 
1.5 
0.7 
-0.2 
-0.9 
-32.3 
-32.7 
-32.9 
-33.0 
-33.4 
-33.6 
-33.9 
-34.0 
4.1 
3.3 
2.6 
2.2 
0.8 
0.2 
-0.3 
-0.7 
45.1 
44.7 
44.4 
44.2 
44.0 
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Table 4.11. The energetic parameters for clouding in 75 mM PMT + 50 mM 
TBuAB + additive systems. 
Additives 
CTAB 
TTAB 
CPC 
CPB 
Mole fraction 
of the additive 
(10-') 
1.12 
2.25 
2.98 
3.6 
4.49 
5.99 
7.19 
7.37 
8.09 
8.99 
1.58 
2.39 
4.78 
5.52 
6.53 
7.98 
10.2 
12.0 
14.4 
16.2 
18.0 
1.58 
2.39 
4.78 
5.52 
6.53 
7.98 
9.89 
11.7 
13.8 
15.0 
16.2 
18.0 
1.58 
2.39 
4.78 
5.52 
6.53 
7.98 
AGs°/kJ mol"' 
-29.6 
-27.8 
-27.3 
-26.9 
-26.4 
-25.7 
-25.3 
-30.6 
-25.0 
-24.9 
-28.6 
-27.6 
-25.9 
-25.7 
-25.3 
-24.8 
-24.3 
-23.9 
-23.5 
-23.3 
-23.1 
-28.6 
-27.8 
-26.0 
-25.7 
-25.4 
-24.9 
-24.5 
-24.2 
-23.8 
-23.7 
-23.6 
-23.4 
-28.6 
-27.8 
-26.1 
-25.8 
-25.5 
-25.0 
AHs^/klmor' 
-59.7 
-14.3 
-44.9 
-12.7 
-23.4 
-94.6 
-25.4 
-91.2 
TASs°/kJ mor' 
-30.1 
-31.9 
13.0 
12.6 
12.1 
11.4 
11.0 
-29.1 
10.7 
10.6 
-16.3 
-17.3 
-19.0 
13.0 
12.5 
12.1 
11.6 
11.2 
10.8 
10.6 
10.4 
5.2 
4.4 
2.6 
-68.9 
-69.2 
-69.7 
-70.1 
-70.4 
-70.8 
-70.9 
-71.0 
-71.2 
3.2 
2.4 
0.7 
-65.4 
-65.7 
-66.2 
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43.7 
45.4 68.5 
68.0 
67.7 
67.5 
67.1 
66.6 
SDBS 0.626 -30.4 -25.6 4.8 
4.2 
3.8 
21.5 50.3 
49.6 
48.7 
48.1 
47.7 
47.05 
46.5 
45.9 
44.9 
44.7 
5.7 
10.2 
10.8 
12.8 
13.9 
14.9 
16.2 
18.0 
0.819 
0.999 
1.17 
1.49 
2.08 
2.57 
2.99 
3.85 
4.5 
5.4 
8.1 
8.64 
0.428 
-23.2 
-23.1 
-22.6 
-22.3 
-22.1 
-21.7 
-21.2 
-29.8 
-29.4 
-28.8 
-28,1 
-27.2 
-26.6 
-26.2 
-25.5 
-25.0 
-24.4 
-23.4 
-23.2 
-31.3 
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16-4-16 
16-5-16 
16-6-16 
9.89 
11.7 
13.8 
15.0 
16.2 
18.0 
0.39 
0.47 
0.59 
0.79 
1.2 
2.39 
2.7 
3.16 
3.81 
4.76 
5.95 
7.06 
8.63 
9.53 
0.38 
0.47 
0.58 
0.77 
1.17 
2.34 
2.66 
3.11 
3.74 
4.67 
5.84 
6.92 
8.5 
9.35 
0.38 
0.47 
0.58 
0.77 
1.17 
2.34 
2.62 
3.06 
3.67 
4.67 
5.75 
6.79 
-24.5 
-24.2 
-23.9 
-23.8 
-23.6 
-23.5 
-32.3 
-31.9 
-31.5 
-30.9 
-29.9 
-28.2 
-27.9 
-27.6 
-27.2 
-26.7 
-26.1 
-25.8 
-25.4 
-25.2 
-32.4 
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Figure 4.1. Effect of TBuAB on the CP of 75 mM PMT solution, prepared in 10 
mM sodium phosphate buffer. 
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Figure 4.2. Effect of cationic conventional surfactants on the CP of 75 mM PMT 
solution, prepared in 10 mM sodium phosphate buffer. 
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Figure 4.3. Effect of cationic gemini surfactants on the CP of 75 mM PMT 
solution, prepared in 10 mM sodium phosphate buffer. 
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Figure 4.4. Effect of cationic conventional surfactants on the CP of 75 mM PMT 
+ 50 mM TBuAB solution, prepared in 10 mM sodium phosphate 
buffer. 
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Figure 4.5. Effect of cationic gemini surfactants on the CP of 75 mM PMT + 50 
mM TBuAB solution, prepared in 10 mM sodium phosphate buffer. 
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Figure 4.6. Effect of nonionic surfactants on the CP of 75 mM PMT solution, 
prepared in 10 mM sodium phosphate buffer. 
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Figure 4.7. Effect of nonionic surfactants on the CP of 75 mM PMT + 50 mM 
TBuAB solution, prepared in 10 mM sodium phosphate buffer. 
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Figure 4.8. Effect of anionic surfactants on the CP of 75 mM PMT solution, 
prepared in 10 mM sodium phosphate buffer. 
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Figure 4.9. Effect of anionic surfactants on the CP of 75 mM PMT + 50 mM 
TBuAB solution, prepared in 10 mM sodium phosphate buffer. 
